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ABSTRACT 
On-station experiments investigated whether three-crop strips produced net gains in yield 
and profit and examined different crop rotations in strips for profitability, border interactions, 
and fertilizer nitrogen requirements. The sites were the Northeast Research Station (NERC), at 
Nashua, Iowa, and Living History Farms (LHF), near Des Moines. A corn-soybean rotation 
was compared to three-year crop rotations that included a sole-seeded forage legume or a 
forage legume established with a small grains nurse crop. 
For three years, six cooperating farmers recorded yields and kept Iowa State University 
Crop Enterprise Records (CER) for strip intercropping and for single-crop blocks. Four 
compared three-crop intercropping to the same three-crop rotations in sole-crop blocks 
("planting pattern"), while two producers compared three-crop strips to the corn-soybean 
rotation in sole-crop blocks ("system comparison"). Labor requirements were similar in strips 
and field blocks (planting pattern) to 22 percent less in intercropping (system comparison). 
Profit averaged $3.80 per acre greater (planting pattern) and $14.76 per acre greater (system 
comparison) in strips than field blocks. There was a tendency for risk reduction in strip 
intercropping. 
Three-crop rotations on the experiment stations performed comparably to corn-soybeans, 
although drought reduced yields. At NERC, com at strip borders yielded more than com in 
strip interiors. At LHF the reverse was true. There was no significant difference between 
yields at the east and west borders. Com yields at both sites were less next to soybeans than 
other crops. 
In two site-years drought prevented significant yield response to nitrogen. Corn grain 
xi 
nitrogen concentration consistently responded to nitrogen fertilizer and occasionally to crop 
rotation. Soybean yields were reduced at strip borders. There was a tendency for lower 
soybean yields next to com than other crops. 
Grain and straw yields of small grains were not significantly different by position. Hay 
harvests averaged slightly less at strip borders; however, at first hay cutting east borders 
yielded more than strip centers. 
There is a place for extended crop rotations and strip intercropping systems that 
incorporate them. Prerequisites include adequate management and cost-effective uses for crops 
in the rotation third year. 
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INTRODUCTION 
Overview of This Research 
Strip intercropping captures biological efficiencies stemming from spatial and temporal 
diversity, but this biological efficiency is not always translated into economic and production 
advantages. In two-crop strip intercropping as practiced in the Midwest, gains in the 
productivity of com {Zea mays L.) are typically matched by corresponding losses in soybean 
{Glycine max (L.) Merr.) (Pendleton et al., 1963; West and Griffith, 1992). Some scientists 
and farmers now believe the inclusion of appropriate additional crops in the system can 
improve the outlook for strip intercropping, reducing competitive pressures (and possibly pest 
pressures) by increasing temporal and spatial diversity (Weber, 1993). As these systems grow 
more complex, issues related to crop rotation and, indeed, farm enterprise structure, become as 
important as resource partitioning at the interface between stripped crops. 
While these structural questions were beyond the scope of this research, I was interested in 
evaluating strip intercropping in realistic agronomic settings and learning how to manage the 
system with the tools available to a typically creative Iowa producer. The conclusions reported 
here came firom six site-years at the Northeast Research Center (NERC), near Nashua, Iowa 
(1986-1989), and Living History Farms (LHF), near Des Moines (1988-1989), and from 
eighteen site-years representing sbc farmer-cooperators over three years (1991-1993). Strips at 
the first two sites were 120-200 ft in length and were farmed with standard agricultural 
implements. Strips on the six farms were from several hundred to 1,000 ft in length and were 
worked in much the same way as other fields in those operations. Cooperating farmers did 
sometimes employ customized equipment, ranging from a narrow hay rake to a hooded spray 
2 
rig-
Strips on the six farms were in a three-crop rotation of com, soybeans, and a small grain 
underseeded or overseeded with a forage legume. Two of the six producers modified their on-
farm research in an effort to take advantage of the system's potential and to make the 
comparison relevant to their farming neighbors. They increased nitrogen fertilizer rates and/or 
planting population for com in strips relative to the comparison system, and they chose, for 
that comparison treatment, single-crop blocks that were in a two-crop, com-soybean rotation. 
The comparison on the other four farms consisted of the same three crops rotated within sole-
crop blocks. Producers recorded field activities and crop yields for each system, and they 
maintained Iowa State University Crop Enterprise Records (CER) on each crop in each system. 
CER records were also kept by producers around the state during this period and so provide a 
common standard by which to evaluate the systems implemented by the six cooperating farmers 
in this study. 
The 1992-1994 work by these farmers shows they had mastered many of the management 
challenges related to strip intercropping ("Implementation of Strip Intercropping on Six Farms; 
Yields and Returns," Exner et al., page 13 of this dissertation). The 1986-1989 research 
conducted at the two remote sites demonstrated the nature of those challenges ("Economics of 
Simulated Crop Rotations in Iowa in a Stress Period," (Exner and Cruse), on page 39 of this 
dissertation, and "Crop Response to Location, Nitrogen Fertilizer, and Crop Rotation in Strip 
Intercropping," (Exner and Cruse), on page 55). Chief among these challenges is consistent 
and accurate placement of strips from one year to the next. However, on these experiment 
stations I was able to implement treatments and collect data that would not have been practical 
3 
on working farms. I compared in strips a number of different crop rotations at four levels of 
nitrogen fertilizer and collected yield data by row or location within the strip. The two kinds of 
research venues resulted in complementary kinds of information. This sort of arrangement 
carries advantages for both scientists and producers and can result in better research than either 
would accomplish alone. 
Quantifying Intercropping - Foundation Work 
Intercropping, of which strip intercropping is a variant, has only recently gained 
recognition among agricultural scientists. It may have suffered from association with the 
farming of societies that were resource-poor or whose agricultural production did not keep 
progress with increases in population. The view of intercropping - and indigenous agriculture 
- began to change as researchers learned to comprehend botii the complexity and the rationality 
of many traditional agricultural practices. Intercropping is now perceived by many as among 
those practices that are a rational response to the conditions of scarcity for which it once shared 
blame. 
Norman (1974) was among the first to document the rationality of intercropping, showing 
that in Nigeria various forms of mixed cropping gave greater and more stable returns to land 
and labor than did sole cropping. He maintained that the choice of crops was determined not 
only by economic considerations but also by social and political ones, and he pointed out that 
the way in which these crops are grown reflects non-monetary realities like tradition, 
technology, and the availability of resources. 
In the two decades since Norman's paper, both agronomists and economists have sought to 
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comprehend and describe the rationality of intercropping (Firmey, 1990; Shaxon and Tauer, 
1992). Efforts have focused on land, labor, yields, profitability, and rislc (Pendleton et al., 
1963; Crookston and Hill, 1979; Wittier, 1986; Shen, 1984; Francis et al., 1986; West and 
Griffith, 1992). 
The Land Equivalent Ratio (LER) is a recognized measure of biological efficiency in 
intercropping. The LER has the advantages of being an additive function and of being, in 
principle, independent of plant population. For an intercrop of crops a and b: 
LER = L + L. = — + 
S. Su Ct 0 
Where L, = the partial LER (crop a) L^ = the partial LER (crop b) 
Y, = yield of crop a intercropped = yield of crop b intercropped 
S, = sole crop yield of a = sole crop yield of b 
Mead and Willey (1980) pointed out the similarity in form to the Relative Yield Total 
(RYT) of De Wit et al. (1965). RYT was developed in the context of research on interspecies 
competition among annuals over time. Intercropping has benefitted in a variety of ways from 
earlier ecological research. Much of that early work presupposed a constant total plant 
population with a gradual replacement series in which one species progressively substituted for 
the other. Recognizing that intercrop outcomes may be strongly influenced by plant 
population, Spitters (1983) was among those proposing models that acconmiodate addition 
series. Spitters hypothesized a linear relationship between plant density (A^,) and the 
reciprocal of the weight (w,) of a plant within a population of species 1, and he also added a 
5 
term to accommodate competition from plant species 2: 
= \o ^ 
The quantity b, o is thus the reciprocal of the weight of an isolated plant of species 1 at a 
vanishingly low total population density. The relative competitiveness of species 1 compared to 
species 2 is therefore: 
^1 1^2.2 
—, and niche differentiation is characterized by —:—~ > I 
^2 ^1.2^2,1 
Other authors (Willey and Rao, 1980; Putnam et al., 1985) have used the Competitive 
Ratio (CR) as a quasi population-independent measure of competitiveness that does not require 
the linear relationship of Spitters. The competitive ratio of species 'a' is; 
L Z. CR = 
where L, and L^, are the partial LERs and is the proportional area of crop b in the intercrop. 
CR is thus the ratio of partial LERs corrected by the area occupied by each crop in the 
intercrop. Note die correction is based on the ratio of par-crop areas, not on plant populations 
per se. 
Building on diese and earlier concepts, the land equivalent ratio became the focus for much 
of the intercropping research in the 1970s and 1980s. As such, it has been the subject of 
modifications reflecting the concern that LER measures biological efficiency rather than 
economic utility or the desirability of the intercropping system to the farmer. Simple biological 
efficiency is based on total yield of die intercrop and the areas of sole crops required to obtain 
6 
the same component yields. However, Willey (1985) distinguished three different 
circumstances relating to farmer needs and identified corresponding criteria for intercropping; 
1) Where any quantities or ratios of the individual crops are acceptable to the farmer, 
intercropping is appropriately compared to the most productive sole crop system. 
2) Where a particular ratio of yields is desired, intercropping should be compared with the sole 
crop areas that produce that ratio of yields. 
3) Where there is an absolute minimum or absolute limit on the amount of one or more crops 
harvested, intercropping should be compared with the most productive system of sole 
crop(s) that satisfies those requirements. 
The first situation above corresponds to the classical LER calculation. The second and 
third situations can be addressed with a combination of a sole crop 'a' and an area of 'ab' 
intercropping. For example, with situation HI the efficiency of the mixed system is described 
in terms of the effective LER (ELER): 
ELER = 
I -L^^{LER-\)p 
L ^ E  
where p = required yield proportion of crop a = 
LER+E 
and E = area of sole crop a for each unit area of ab intercrop 
Graphical methods have been devised to describe situations like the above three. Mead 
and Willey (1980) generated "effective LER curves" by plotting the observed LER for different 
intercrop configurations against the range of possible yield proportions, maintaining that the 
"envelopes" thus generated provide suggestions about the ideal intercrop (or combination of 
7 
intercrops) for a given yield proportion (Fig. 1). Willey (1985) plotted the partial LER (or else 
the actual yield) of one intercrop component against that of the other component, illustrating 
with this "two-way" diagram the three kinds of harvest criteria described above (Fig. 2). 
These modifications of the original LER acconrunodate different kinds of farmer 
preferences and criteria, and they acknowledge the primacy of these considerations. That these 
Land Equivalent Ratio 
Optimal Crop Combinations 
Suboptimal Combinations 
1.3 
0.2 0.4 0.6 0.8 0 1 
Yield Proportion of Crop 'A' in 'AB' Mixture 
Figure 1. Effective LER envelopes, adapted from Mead and Willey, 1980. 
modifications infrequently dwell on monetary considerations may reflect that intercropping has 
mostly been studied in the context of subsistence agriculture. Willey (1985) converted the axes 
of the two-way diagram to monetary units and suggested that in the cash economy intercropping 
would be advantageous only if its value were greater than the high value sole crop (i.e., 
situation #1). If the situation were this simple. Midwest farmers might grow nothing but 
continuous com or soybeans, but agronomic and regulatory exigencies do intervene. 
8 
Crop A (tons per acre) 
10 
8 
6 
Minimum Acceptable Quantity of Cro;: 
4 Acceptable range of Yie d Proportions 
2 Crop B greater sole crop yield 
0 
0 2 8 9 10 
Crop B (tons per acre) 
Data points represent observed component yields. 
Figure 2. Practical requirements on intercrop systems, adapted from Willey, 1985. 
Notwithstanding, Adetiloye and Adekunle (1989) also offered a standard, the monetary 
equivalent ratio (MER), that expresses the economic values of an intercrop in terms of the 
highest value sole crop: 
+ r. + 
MER = — where r^, =the intercropped values of crops a, b, ...n, 
R 
a 
and R^ = the sole crop value of crop a, the highest-value sole crop. 
Ranganathan et al. (1991) and Ranganathan (1992) adapted a convention from the field of 
economics for a global appraisal of the profitability of intercropping between two species. The 
production possibility frontier (PPF) represents an envelope of potential production possibility 
curves and can be illustrated graphically in a plot of yield from one crop against those from the 
9 
other (Fig. 3). The most profitable outcome is represented by the point on the ideal possibility 
curve at which the slope is the ratio of the unit value of the crop on die x axis to that of the crop 
on the y axis. Perfect substitution between the two crops is represented by a straight line 
between two sole crop yields. The ratio of the area under the production possibility curve to 
the area under this straight line is defined as the yield advantage index (YAI), comparable to 
the LER and RYT. 
Yield of Crop 1 
Figure 3. The production possibility frontier, composed of PPF curves, including the ideal 
curve, whose tangent with the line whose slope is the crop values ratio defines maximum 
possible profitability, (from Ranganathan, 1992) 
10 
The authors generated these curves by varying populations of one crop against fixed 
populations of another. They further stated that the optimum production possibility curve is 
less dependent on the particular experimental plant populations chosen than is the land 
equivalent ratio. Rather than choose an ideal intercrop by fitting a curve to experimental data, 
Ranganathan (1992) returned to the hyperbolic equations of De Wit (1965) and Spitters (1983) 
to generate the parameters with which to define the ideal production possibility curve. 
This kind of ascent to an idealized model, something intercropping seems to elicit from 
both agronomists and economists, has been referred to by Finney (1990) as "intercrop 
biometry." The author pointed out that, while calculated intercrop parameters usually reflect a 
specific set of growing conditions, if the risk of a cropping system is to be adequately described 
data must be collected over several years. Finney also provided examples of agronomic and 
social considerations that may influence cropping decisions in a locale but which are poorly 
quantifiable by global models. 
Peter and Runge-Metzger (1994) also noted the inability of the PPF approach to 
incorporate environmental and year-to-year variability. They did use production possibility 
curves to evaluate the productivity of intercropping in West African farming, but they 
considered the stability of cropping systems there as well. The authors employed the 
cumulative density function, referring to Anderson et al. (1977), to compare the likelihood of 
different yield outcomes. The yield in this case was caloric output, but the operand with this 
method could equally be crop yield or net profit. 
Anderson et al. (1977) used cumulative probability distributions to develop the concept of 
stochastic efficiency. The approach is applicable to mathematical models of continuous 
11 
functions as well as discrete data. The possible, or the observed, outcomes are ordered from 
least to greatest. The probability or observed frequency of each outcome contributes to the 
cumulative probability, which ranges from zero (or from the frequency of the minimal 
outcome) to 1.0. In a plot of cumulative probability versus outcomes, normal distributions 
result in a sigmoid plot. One treatment (e.g., a cropping system) has stochastic dominance 
over another if the area beneath its plot line is less than that of the other treatment for the full 
range of the cumulative probability distribution (first degree stochastic efficiency) or for most 
of that distribution (second degree stochastic efficiency). In other words, F dominates G if: 
R R 
= j f{x)dx i  G(R) = j g(x)dx 
a a 
Where systems F and G are evaluated from points 'a' to 'W on the cumulative probability 
distribution. 
Lowenberg et al. (1991) and Hien et al. (1993) credited the stochastic efficiency 
comparison with being an intuitive, preliminary evaluation tool that forces no assumptions 
about the form of the data or utility function. Citing a procedure in Steel and Torrie (1980), 
Hein et al. (1993) described use of the Kolmogorov-Smimov (K-S) test, a non-parametric 
method for determining whether two such distributions are statistically different. 
Dissertation Organization 
This dissertation is structured around three research papers. The first two papers treat 
both the productivity and the economics of strip intercropping, while the third paper examines 
crop response to row position, nitrogen fertilizer, and rotation. The first of the three papers. 
12 
entitled "Implementation of Strip Intercropping on Six Farms: Yields and Returns" (Exner et 
al., page 13), is based on the research conducted by research-cooperator members of Practical 
Farmers of Iowa. The second paper, "Economics of Simulated Crop Rotations in Iowa in a 
Stress Period" (Exner and Cruse, page 39), covers research results obtained from the Northeast 
Research Center (NERC), at Nashua (1986-1989) and at Living History Farms (LHF), near 
Des Moines (1987-1989). The third Paper, "Crop Response to Location, Nitrogen Fertilizer, 
and Crop Rotation in Strip Intercropping" (Exner and Cruse, page 55) is from the same six 
site-years. Following the third paper are General Conclusions, appendices of CER records and 
plot harvests, and a list of references cited in this dissertation. 
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IMPLEMENTATION OF STRIP INTERCROPPING ON SIX FARMS: 
YIELDS AND RETURNS 
A paper to be submitted to the American Journal of Alternative Agriculture 
D.N. Exner, D.G. Davidson, M. Ghaffarzadeh, R.M. Cruse 
Abstract 
Producers in the organization Practical Farmers of Iowa (PFI) have worked with Iowa 
State University agronomists to evaluate the practice known as strip intercropping. Strip 
intercropping was compared to "field blocks" of single crops by six fanners for three years. 
The strip intercrop systems employed three crops: com, soybeans, and small grains with a 
forage legume underseeding. The comparison systems of separate crops in field blocks 
consisted of the same three crops on four farms ("planting pattern comparison") or, on two 
farms, just com and soybeans in rotation ("systems comparison"). Yields and field operations 
were recorded and entered in the ISU Extension Crop Enterprise Record System (CER) to 
derive gross profit, total production cost, and net profit for each crop component and for each 
system on every farm. Strip intercropping net profit was generally greater than that in field 
blocks, and intercropping compared favorably witii CER results obtained from com-soybean 
rotations on other farms around Iowa. Occasionally competition from cover crop or weeds was 
associated with reduced yield of a crop in the strip intercropping system, but land equivalent 
ratios (LER) were usually greater than 1.0, indicating satisfactory biological efficiency. 
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Despite the occasional problems, in this set of 18 site-years strip intercropping was associated 
with reduced likelihood of obtaining a low net profit. 
Introduction 
Description of Strip Intercropping 
Strip intercropping attempts to capture, in the context of a machinery-based cropping 
system, the biological efficiency of intercropping as practiced in some traditional cultures. 
With the exception of forage mixtures, machine harvest effectively precludes planting multiple 
crops in the same hill, as, for example, maize {Zea mays L.) and beans (Phaseolus spp.) are 
raised in much of Mexico and Central America. However, contiguous strips of complementary 
crops can be planted, tended, and harvested by machine. Crop performance in this "strip 
intercropping" is a function of species selection and orientation, strip width and direction, weed 
management, and other factors, but the potential exists for net gains in crop yield and economic 
return. In addition to providing yield benefits, strip intercropping can reduce soil erosion 
through vegetative filter strip effects and may encourage growers to use longer, more soil-
building crop rotations. 
History ofOn-station Trials 
Four years of strip intercropping research on experiment stations pointed to the importance 
of management in the success of the system. Strip placement was the greatest challenge. 
Buried benchmarks and annual measuring and flagging did not prevent strip "drift" from one 
year to the next. Similarly, the spacing between strips varied in spots from too wide (leading to 
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weeds) to too narrow (leading to mechanical damage to strip edges). 
On-farm Strip Intercropping 
Despite the mixed success of the on-station research, a number of farmers began to 
experiment with strip intercropping. These farmers were able to overcome many of the 
difficulties that had been experienced on the experiment stations. Perhaps most importantly, 
they solved the strip placement problem by using ridge tillage, a limited-tillage system in which 
crops are planted into the stubble and the cultivation ridge left by the previous crop. Once a 
field is ridged, it is a simple matter to lay out strips of multiple crops. Some producers chose 
to drill small grains directly over the ridges, while others tilled the strips on which small grains 
would be planted. 
Need for this Study 
This study could only have been accomplished as a collaboration. To realistically examine 
the potential of strip intercropping, it was necessary to identify sites where the management was 
up to the challenge. And in order for me to evaluate the economics of the system, strip 
intercropping had to be tested on working farms. The six producers in this study were 
"cooperators" in the on-farm research network of Practical Farmers of Iowa (PFI). PFI is a 
non-profit educational organization that collaborates with agricultural scientists and that works 
to share information on profitable, environmentally sound farming practices. 
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Review of Literature 
Strip Intercropping Observations in the United States 
In the U. S., strip intercropping has been seen as a way to capture the potential biological 
efficiencies of intercropping while retaining the use of multi-row mechanical field equipment. 
Whereas intercropping has been regarded in developing countries as risk management (Francis 
et al. 1986), it is not yet clear how intercropping compares where soil fertility and soil moisture 
are not limiting. 
Strip intercropping research in the U. S. has focused on issues such as strip or row width 
(Pendleton et al., 1963; Crookston and Hill, 1979; Wittier, 1986; West and Griffith, 1992), 
strip orientation (Pendleton et al., 1963; Shen, 1984; Francis et al., 1986), response to 
increased plant population or fertilizer in strip borders (Shen, 1984; West and Griffith, 1992) 
and the number, choice and placement of crops included in the system. Pendleton et al. (1963) 
evaluated com-soybean strips in both east-west and north-south orientations and observed strip 
border yields that a number of researchers have since noted: north soybean rows outyielded 
south soybean rows; west soybean rows outyielded east soybean rows; south com rows 
outyielded north com rows; and east com rows outyielded west com rows. Overall, they 
concluded that in com-soybean strips, "the percentage gain in com yield is offset by 
approximately the same percentage loss in soybean yield." Weber (1993) suggested that 
addition of the appropriate third crop (small grain and a forage legume) can alleviate this zero-
sum dynamic. 
Wittier (1986) found that the economically optimum strip width and orientation varied over 
four years. This economic evaluation was based on the best monocrop yields and the best 
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intercrop yields of the different strip widths, strip orientations, and hybrids/varieties. By this 
reciconing strips were superior in 3 of 4 yrs, with an average advantage in gross income of $83 
per hectare ($34 per acre, ranging firom $65 to -$3 per acre). 
West and Griffith (1992), using data from N-S corn-soybean strips collected from 1986-
1990 and assuming $2.50/bu com and $6.50/bu soybeans, found gross returns to be similar in 
strip intercropping and monocropping. Neither did increasing population and N rate in the 
outside com rows pay; the practice increased returns in three years but actually decreased the 
border row advantage in one year of drought stress. 
Francis et al. (1986) summarized these and other research data, concluding that strip 
intercropping has resulted in "total system yield" of from 5 percent less than monocropping to 
18 percent more. They also pointed out that where strip intercropping makes possible a longer 
crop rotation, additional yield benefits of up to 10 percent may be expected from the rotation 
effect. 
Materials and Methods 
From 1992 to 1994, sbc PFI research cooperators evaluated three-crop strip intercropping 
systems consisting of com, soybeans, and a small grain with an underseeding of a forage 
legume. The comparison system consisted of individual crops in separate, field-sized "blocks." 
On four of the farms, these "blocked" crops were the same three that appeared in strips. These 
four sites are referred to as the "planting pattern comparisons," and other factors were held 
constant between the two treatments. On the other two farms, the comparison "block" 
treatment consisted only of com and soybeans in rotation. These sites were the "systems 
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comparisons," and factors such as planting population and fertilizer rates were also varied with 
the goal of optimizing the strip configuration. Blocked crops on all farms were adjacent to 
stripped crops or distributed among the strips. 
The farms were situated around the state and represented a range of soil types and strip 
configurations (Table 1). Soil texture ranged from silt loam to clay loam, with small amounts 
of other classes. The farm operations ranged in size from 300 to 700 acres, and each one 
utilized ridge tillage. 
The farmer cooperators measured crop yields using scales, weigh wagons, or combine 
monitors (AccuGrain®). They also recorded time spent in the strip and field-block crops and 
Table 1. Farmer cooperators participating in the study and farm characteristics. 
Location Strip Width 
Site within Iowa Soil Series t (rows x inches) Strip Direction 
Systems Comparison 
Farm 1 north-central Clarion (/) Nicollet (/) 4 x 38" N-S 
Webster (c/) 
Farm 2 central Clarion Nicollet Webster 4 x 36" E-W 
Planting Pattern Comparison 
Farm 1 north-central Tama (sic[) 4 x 38" N-S to E-W 
Farm 2 northeast Cresco (/) Floyd (/) 4 X 37" N-S 
Farm 3 northwest Galva (sicl) 6 X 30" E-W 
Farm 4 southeast Otley (sici) Mahaska (sicl) 6 X 30" N-S 
Colo (sicl) 
t/ = loam soil, cl = clay loam soil, sicl = silty clay loam soil 
the equipment operations used in each system. At the end of the growing season, they used the 
ISU Crop Enterprise Record (CER) system to analyze the profitability of each system. CER 
records use a producer's actual cost of land, equipment, and production inputs, and they 
require a reasonable apportionment of fixed costs among the different enterprises of the farm. 
The Crop Enterprise Record system also uses the true prices received for crops. As such, 
CER provided both an analysis of the particular cropping systems practiced on these farms and 
a reading of the overall cropping profitability of the farmers. Federal price support was not 
included in the calculations, although income from crop insurance was. 
While CER furnishes a realistic evaluation of a farmer's production costs, the record 
system was not used here to simulate putting an entire farm into one system or the other. 
Equipment costs in the CER are calculated based on the total machinery complement, total 
hours of use, and percent of total use devoted to cropping. Total hours of use were either 
recorded directly by the producer or derived by multiplying acres of each crop by a CER 
"cropping factor," then summing the products. Thus machinery costs were not differentiated 
among the three crops (com, soybeans, and small grains/legume underseeding) to reflect the 
particular equipment involved with each or to estimate the difference in total use hours for 
specific equipment that would result from employing a two-crop rotation versus a diree crop 
rotation across the entire farm. The producers already owned the equipment required for all 
three crops, and the equipment costs generated by CER show the cost of using machinery to 
implement cropping system trials on a limited number of acres on those farms. 
CER records were used to calculate net profit for each crop in both systems on each of the 
six farms every year. The component crops of each system were combined for overall net 
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profit in each combination of system/farm/year. Overall net profit was analyzed using the 
general linear model provided by SAS Data Systems. Overall net profit In the two systems was 
also evaluated for stochastic efficiency using Kolmogorov-Smimov analysis. 
Results 
Yields 
Table 2 illustrates crop yields by cooperator, averaged over the three years of the study. 
In 15 of the 18 site-years, com in strips outyielded com in single-crop blocks, although only 
seven of these differences were greater than 10 bushels per acre. There was one notable 
reduction for strip com yields; 40.1 bushels on the system comparison Farm 2, in 1992. 
Table 2. Crop yields averaged over three years for six farms and two types of cropping 
comparisons. 
Com, 
strip 
Corn, 
block 
Soybean, 
strip 
Soybean, 
block 
Oats, 
strip 
Oats, 
block 
— (bu per acre) — 
Farm 1 163.1 131.3 40.7 40.0 51.3 — 
Farm 2 139.1 149.6 50.3 48.6 61.2 — 
Avg. System 
Comparison 151.1 140.5 45.5 44.3 56.3 — 
Farm 1 94.5 90.5 45.2 41.7 23.9 23.4 
Farm 2 130.3 110.3 37.2 35.8 51.0 46.7 
Farm 3 152.1 144.5 61.5 59.4 62.9 64.9 
Farm 4 141.4 131.6 43.6 48.9 47.0 58.4 
Avg. Planting 
Pattern Comparison 129.6 119.3 46.9 46.5 46.2 48.4 
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I anticipated that soybean yields would suffer somewhat in strip intercropping. In three years 
there were four cases in which soybean yields were less in strips than in blocks and eight cases 
in which strip yields were greater. There was an instance of a 13.0-busheI advantage to strips 
and an occurrence of a 16.8-bushel advantage to the field blocks, both due to discemable 
problems in one system or the other. 
Small grain yields were greater in strips as many times as they were greater in field 
blocks. Small grains in both systems did poorly everywhere in 1993, a year of excess 
moisture. In 1994, small grains in strips on farm 4 of the planting pattern comparison yielded 
43.2 bushels less than in field blocks. 
Land Equivalent Ratio 
Table 3 shows component and overall Land Equivalent Ratios for the planting pattern 
comparison. LERs are not directly applicable to the systems comparison, because all the same 
crops were not used in strips and blocks. LER for com averaged greater than 1.0 each of the 
three years. LER for soybeans and oats averaged greater than 1.0 in two years out of three. 
Strip intercropping LER was greatest for each crop in 1993, the year in which overall yields 
were smallest. 
Labor Costs 
Labor costs, as reported through CER records, were generally similar in strip 
intercropping and the field block cropping systems (Table 4). Among the four farms of the 
planting pattern comparison, labor costs averaged lower in blocked crops two years out of 
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Table 3. Component and total Land Equivalent Ratios (LERs) for strip intercropping in the 
planting pattern comparison. 
Crop LER 
Year Overall LER 
Com Soybeans Oats 
1992 1.07 1.06 1.03 1.05 
1993 1.19 1.13 1.13 1.18 
1994 L08 0£1 093 0.97 
Average LER 1.11 1.03 1.03 1.07 
three. For the two farms participating in the farming system comparison, intercropping labor 
costs were lower each of the three years due in part to reduced labor costs in the oat strips. 
Labor costs varied by year at least as much as by cropping system, and the range of variability 
from farm to farm (data not shown) was greater still. 
Table 4. Labor costs in strip intercropping and field blocks by year, crop, and type of 
comparison. 
Strips (Three Crops) Blocks (Three Crops) 
Com Soybeans Oats Average Com Soybeans Oats Average 
Planting Pattern Comparisons (four farms) 
1992 $29.61 $23.11 $38.05 $30.26 $29.21 $23.13 $39.09 $30.48 
1993 $17.19 $12.91 $13.23 $14.44 $17.01 $12.87 $13.38 $14.42 
1994 $16.59 $13.77 $15.95 $15.44 $15.94 $13.58 $15.95 $15.16 
Average $21.13 $16.60 $22.41 $20.05 $20.72 $16.53 $22.81 $20.02 
Systems Comparisons (two farms) 
1992 $17.93 $17.94 $12.28 $16.05 $17.62 $17.94 — $17.78 
1993 $13.49 $15.90 $8.10 $12.50 $15.85 $17.40 — $16.63 
1994 $17.95 $19.31 $12.55 $16.60 $20.31 $20.81 — $20.56 
Average $16.46 $17.72 $10.97 $15.05 $17.93 $18.72 — $18.32 
Overall Weighted Average 
$19.57 $16.97 $18.60 $18.38 $19.79 $17.26 — $19.45 
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Economics of Intercropping and Block Cropping 
The most obvious issue related to the economics of strip intercropping is the average or 
expected value of the net profit, taking into account crop prices, labor, machinery, and other 
inputs. An important secondary issue has to do with the stability of profit. Results are 
presented both by cooperator and by year of the study. The first approach suggests that not all 
cooperators were equally successful with strip intercropping, and the second approach 
examines variability in the profitability of strip intercropping as practiced by these farmers. 
Planting Pattern Comparison 
On four of the six farms the strip intercrop system and the block system utilized the same 
three-year crop rotation. Averaged over the three years of the study, intercropped corn 
brought a greater profit than did com in field blocks for all four cooperators (Table 5). For 
two of these farmers, the average strip advantage was in excess of $25 per acre of com. 
On three of the four farms, average soybean profit was greater in strips than field blocks. 
On the fourth farm, average net profit was more than $45 less per acre of soybeans in strips 
than field blocks, due to one disastrous year. On two of the four farms strips of small grains 
were less profitable than field blocks, and on three farms both systems lost money on small 
grains. The one farmer who made money with oats did so chiefly by reducing input costs, and 
the farmer who lost the most on oats had the highest production costs. 
Table 6 shows crop yield, gross income, production cost, and net profit for the planting 
pattern comparisons over the three years. Net profit in the strip intercropping systems 
averaged greater than that in the field block systems in 1992 ($33.31 vs. $24.85 per acre) and 
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Table 5. Net return per acre by crop, averaged over three years for six farms and for the 
systems comparison and the planting pattern comparison overall. 
Cora 
strip 
Com 
block 
Soybean 
strip 
Soybean 
block 
Oat 
strip 
Oat 
block 
Overall 
strip 
Over-all 
block 
Farm 1 $84.90 $20.24 $59.75 $53.28 ($3.15) — $47.17 $36.76 
Farm 2 $31.61 $10.14 $75.03 $7.12 ($23.45) — $27.73 $8.63 
Syst. 
Cmp. $58.26 $15.19 $67.39 $30.20 ($13.30) — $37.45 $22.69 
Farm 1 $2.18 ($4.07) $38.89 $34.06 $2.45 $1.46 $14.51 $10.49 
Farm 2 $93.03 $51.94 $106.35 $98.76 ($69.56) ($76.47) $43.27 $24.74 
Farm 3 $18.75 $16.57 $163.21 $151.71 ($34.73) ($33.25) $49.08 $45.01 
Farm 4 $59.62 $33.95 $66.17 $111.23 ($92.30) ($76.77) $11.16 $22.80 
Plant. 
Patt. 
Cmp. 
$43.39 $24.60 $93.65 $98.94 ($48.54) ($46.26) $29.50 $25.76 
1993 ($15.15 vs. $2.36 per acre), but the average net was greater in blocks in 1994 ($40.06 
vs. $50.07). 
Systems Comparison 
Averaged over three years, intercropped com was more profitable on both of the farms 
that compared three-crop strips to two crops in field blocks (Table 5). In one case the 
superiority was greater than $64 per acre of com. Stripped soybeans were on average more 
profitable than block beans on both of these farms, with the advantage on one farm approaching 
$68. 
Table 7 gives crop yield, gross income, production cost, and net profit for the system 
comparisons over the three years. Average net profit of the two intercrop systems was less 
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Table 6. Planting pattern comparison: per-acre costs and net profit for strip intercropping and 
three crops grown in field blocks. 
Strips (Three Crops) Blocks (Three Crops) 
1992 Com S. Bean Oats Average Com S. Bean Oats Average 
Yield 150.9 53.7 74.0 140.9 51.8 72.5 
Gross Income $298.03 $289.94 $170.53 $252.83 $278.74 $279.36 $170.59 $242.90 
Total Cost $255.98 $196.14 $206.45 $219.52 $248.07 $195.97 $210.09 $218.04 
Net Profit $42.05 $93.80 ($35.92) $33.31 $30.67 $83.39 ($39.50) $24.85 
1993 
Yield 88.7 32.8 6.5 78.6 30.9 5.8 
Gross Income $272.90 $281.10 $73.34 $209.11 $240.38 $269.79 $72.85 $194.34 
Total Cost $240.66 $179.38 $161.85 $193.96 $235.61 $177.87 $162.47 $191.98 
Net Profit $32.23 $101.72 ($88.51) $15.15 $4.77 $91.92 ($89.61) $2.36 
1994 
Yield 149.2 46.7 58.1 138.2 51.0 66.8 
Gross Income $273.40 $283.99 $153.27 $236.89 $253.55 $318.41 $164.39 $245.45 
Total Cost $217.50 $198.55 $174.45 $196.83 $215.19 $196.90 $174.04 $195.38 
Net Profit $55.90 $85.44 ($21.17) $40.06 $38.36 $121.51 ($9.66) $50.07 
Average 
Yield 129.6 44.4 46.2 119.3 44.5 48.4 
Gross Income $281.44 $285.01 $132.38 $232.94 $257.56 $289.18 $135.94 $227.56 
Total Cost $238.05 $191.35 $180.92 $203.44 $232.96 $190.25 $182.20 $201.80 
Net Profit $43.39 $93.65 ($48.54) $29.50 $24.60 $98.94 ($46.26) $25.70 
than that of field blocks in 1992 ($65.39 vs. $69.10), but the net was greater in strips in 1993 
($20.27 vs. -$27.21) and in 1994 ($26.69 vs. $26.19). 
Other Iowa Farms 
In each year of the study, other Iowa producers also completed CER records (Edwards, 
1993-1995) with the assistance of Extension field personnel. Table 8 shows compiled and 
averaged figures for these producers, representing soybeans (usually following corn) and corn 
in rotation after soybeans. CER gross income for corn generally includes any federal crop 
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Table 7. Systems comparison; per-acre costs and net profit for strip intercropping and two crops 
grown in field blocks. 
Strips (Three Crops) Blocks (Two Crops) 
1992 Com Soybean Oats Average Com Soybean Average 
Yield 182.4 46.6 77.1 182.4 48.1 
Gross Income $342.86 $253.41 $168.68 $254.98 $344.55 $261.42 $302.99 
Total Cost $237.53 $171.03 $160.21 $189.59 $260.76 $207.01 $233.89 
Net Profit $105.33 $82.38 $8.46 $65.39 $83.79 $54.41 $69.10 
1993 
Yield 108.4 38.2 18.7 89.4 31.2 
Gross Income $287.30 $252.63 $127.93 $222.62 $236.49 $206.98 $221.73 
Total Cost $244.07 $200.53 $162.45 $202.35 $273.56 $224.32 $248.94 
Net Profit $43.23 $52.10 ($34.53) $20.27 ($37.07) ($17.34) ($27.21) 
1994 
Yield 162.5 51.7 73.1 149.6 53.6 
Gross Income $304.43 $280.94 $162.56 $249.31 $279.88 $290.31 $285.10 
Total Cost $278.22 $213.24 $176.40 $222.62 $281.04 $236.78 $258.91 
Net Profit $26.21 $67.69 ($13.84) $26.69 ($1.15) $53.53 $26.19 
Average 
Yield 151.1 45.5 56.3 140.5 44.3 
Gross Income $311.53 $262.32 $153.05 $242.30 $286.97 $252.90 $269.94 
Total Cost $253.27 $194.93 $166.35 $204.85 $271.78 $222.70 $247.24 
Net Profit $58.26 $67.39 ($13.30) $37.45 $15.19 $30.20 $22.69 
price support; however, the six PFI cooperators did not include price support in their CER 
records. As such, records from the two groups of producers are not directly comparable; 
however, even with this difference, net profit was roughly equivalent for the two groups. In 
1993, when crops were stressed by excess moisture, strip intercropping net profit averaged 
greater than the com/soybean average of these other producers. Soybean net profit was greater 
in strip intercropping than for these other Iowa farmers all three years of the project. 
Table 9 compares com yields, effective com price (gross income divided by yield) and net 
profit for stripped and field block com in both kinds of intercropping comparison, and it 
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Table 8. Crop Enterprise Record per-acre 
averages for other Iowa producers, 1992-
1994. 
Other Iowa Producers 
Com Soybean Average 
1992 
shows comparable data for the other 
Iowa producers who kept CER each 
year. For each category in the 
intercropping trials, the table also shows 
the result of adjusting the effective com 
price to reflect federal crop price 
support. Cooperator com production is 
thus put roughly on the same basis as 
that of the other Iowa producers, for 
whom gross income on CER records 
generally included such support. The 
adjustment increases com net profit for 
cooperators above that for the other Iowa 
producers in all cases except field block 
com in the 1993 systems comparison. 
The difference in unadjusted effective 
com price between cooperators and other 
Iowa producers was least in 1993. Because of excessive moisture that year, several 
cooperators' gross com income reflected crop insurance payments, and market price rose 
above the support level in response to the poor harvest. 
Yield 164 48 
Gross $353.47 $255.27 $304.37 
Costs $276.39 $224.97 $250.68 
Net $77.08 $30.30 $53.69 
1993 
Yield 82.9 33.1 
Gross $250.18 $232.04 $241.11 
Costs $257.03 $220.13 $238.58 
Net ($6.84) $11.91 $9.38 
1994 
Yield 154.7 52.4 
Gross $340.79 $284.38 $312.59 
Costs $269.28 $237.06 $253.17 
Net $71.51 $47.32 $59.42 
Average 
Yield 133.9 44.5 
Gross $314.81 $257.23 $286.02 
Costs $267.57 $227.39 $247.48 
Net $47.25 $29.84 $40.83 
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Table 9. Com price and per-acre net retum reported and adjusted to reflect hypodietical 
federal price support for strip and field block com in both types of intercropping comparison. 
CER reports are also shown from other Iowa producers raising com following soybeans. 
Planting Pattern Comparison 
Strips Blocks 
System Comparison | 
Strips Blocks } 
OtherlA 
Producers 
report adjust report adjust report adjust report adjust j report 
1992: deficiency payment = $.68, set-aside = 10%, price adjustment = $.61 per bu 
Yield 
(bu/acre) 
150.9 140.9 182.4 182.4 
j 
164 
Price 
($/bu) 
1.98 ^ 2.59' 1.98 2.59 1.88 2.49 1.89 2.50 
j 
2.16 5 
Net 
($/acre) 
42.05 134.85 30.67 116.86 105.33 216.65 83.79 195.241 77.08 
1993: deficiency payment = $.25, set-aside = price adjustment = $.23 per 
1 
bu 
Yield 
(bu/acre) 
88.7 78.6 108.4 89.4 
j 
82.9 
Price 
($/bu) 
3.08 3.31 3.06 3.29 2.65 2.88 2.65 2.88 
! 
3.02 
Net 
($/acre) 
32.23 52.94 4.77 22.98 43.23 68.12 -37.07 -16.09 -6.84 
1994: deficiency payment = $.49, set-aside = 0%, price adjustment = $.49 per bu 
Yield 
(bu/acre) 
149.2 138.2 162.5 149.6 154.7 
Price 
($/bu) 
1.83 2.32 1.83 2.32 1.87 2.36 1.87 2.36 i 
i 
2.20 
Net 
($/acre) 
55.90 128.64 38.36 105.43 26.21 105.28 -1.15 72.02 71.51 
t Effective com price = gross income yield (does not reflect government price support). 
t Adjusted com price = effective yield 4- effective federal price support. 
§ Effective com price of other Iowa producers reflects reported gross income that usually 
included price support. 
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Monetary Equivalent Ratio and Profit Stability 
As discussed earlier, the Monetary Equivalent Ratio (MER) has been used to evaluate 
intercropping in situations where simple cash return is the primary consideration in cropping 
decisions. MER is the summed value of the intercrop components divided into the value of the 
highest-value sole crop that could be grown on the same area. For the purposes of this 
discussion, I used as sole crops the non-intercropped com and soybeans raised in field-sized 
blocks (Table 10). 
Table 10. Simulated overall monetary equivalent ratios (MERs) for both strip intercropping 
and block cropping in rotation. 
Comparison Type 
Year System 
Planting Pattern Comparison System Comparison 
MERlt MER2t MERlt MER2t 
1992 strip 0.329 0.395 0.704 1.100 
block 0.241 0.288 0.809 1.331 
1993 strip 0.165 0.165 0.666 0.666 
block 0.026 0.026 -0.202 -0.202 
1994 strip 0.330 0.330 0.499 0.499 
block 0.412 0.412 0.489 0.489 
Overall strip 0.274 0.296 0.614 0.773 
block 0.226 0.242 0.479 0.688 
t MER based on the most profitable block crop in each site-year. 
t MER based on block soybeans, the most profitable block crop overall. 
In calculating MER for these experiments, several limitations of the method became 
apparent. First, while soybeans usually achieved the greatest net profit among blocked crops, 
com was the most profitable block crop on three farms in 1992. For this reason two kinds of 
ratio were calculated for each site-year (Table 10). MERl is based on the particular most-
profitable monocrop in each instance, whereas MER2 is calculated relative to block soybeans 
because they were overall the most profitable of the block crops. Second, MER becomes 
meaningless when the divisor is negative (a net loss). Farm 2 of the systems comparison 
illustrated this in 1993, so those data are omitted from the MER calculations. 
Finally, MER requires a better monocrop standard than was available in this experiment. 
Yields, input costs, diseases and pests for such a sole crop should not be extrapolated from 
crops in rotation. Overall strip MERs of 0.274 to 0.773 seem very low in light of this artificial 
standard. For purposes of comparison, the same block crop divisors were applied to net profits 
in the three-crop and two-crop rotations of crops raised in field-sized blocks. For example, 
block cropping system net was divided by soybean net in the same system. Table 10 shows 
that the monetary ratio averaged even lower for the rotations in the blocked crops than for the 
strip intercropping rotation. 
Table 11 shows com and soybean net profits separately, extracted from blocked crop 
rotations, as well as net returns from the blocked systems overall and from strip intercropping. 
This table also provides the standard deviation, on a per-observation basis, for net profit in 
each of those four categories. This variability incorporates yearly and farm-to-farm 
fluctuations, but these are the kinds of differences that one would expect with these systems. 
Strip intercropping, taken over all years and sites, resulted in the lowest variability in net 
profit. Corn-only and soybeans-only, from the block crops, showed the greatest variability in 
per-acre net profit. By including multiple crops in rotation, both strip intercropping and the 
blocked crop systems experienced the stability of profit that, other things being equal, would be 
expected with diversification. Overall, net profit variability of intercropping was 16 percent 
smaller than that of blocked crops, a nonsignificant difference but one suggestive of risk-level 
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Table II. Net profit per acre and standard deviation of net profit for strip intercropping, 
crop rotation in field-sized blocks, and for corn-only and soybeans-only extracted from block 
cropping, t 
Net Profit Standard Deviation 
per acre — 
Strip Intercropping $32.15 bt $31.25 b § 
Block Cropping $24.71 b $37.10 b 
Corn-Only $21.46 b $51.55 a 
Soybeans-Only $76.02 a $61.41 a 
118 observations in each group. 
t Duncan's multiple range test. 
§ Pairwise F-tests. 
issues discussed next. 
Risk Assessment 
The systems comparison and the planting pattern comparison are not strongly distinguished 
from one another in the distribution of net profits, so they were combined for risk analysis. 
Ordered by net profit, the grouped intercrop systems and the field block systems create the 
density distributions plotted in Figure 4. The probability distributions are similar for the two 
systems in the upper range of profitability, but intercropping showed more favorable outcomes 
than field blocks (dominance) in the lower range of profitability. The appearance is one of 
second order stochastic dominance. 
Kolmogorov-Smimov analysis of the two density distributions showed they are not 
significantly different. This is not surprising given the relatively small number of observations 
(J. Lowenberg-DeBoer, 1996, personal communication). However the data are suggestive of a 
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Figure 4. Cumulative density distributions for net profit in strip intercropping and field block 
systems showing stochastic relationship. 
risk-reduction trend for strip intercropping as practiced by these producers in these three years. 
Discussion and Conclusions 
Yields 
Each of the two systems occasionally experienced yield reductions where there were 
complications associated with the cropping system. For example, in the system comparison. 
Farm 2's winter cover crop escaped control in 1992, competing with the corn early in the 
season. These difficulties cannot be separated from the "real" strip phenomena, since they 
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reflect implementation in the real world. In some cases, however, problems suggest 
management solutions that may improve the strip system. 
These cooperators have solved the problems with strip placement that confounded earlier 
research. Weed control was their most commonly cited complication associated with strip 
intercropping. The juxtaposition of multiple crops in strips increases the danger of herbicide 
drift. As a result cooperators sometimes used lower rates, narrower bands, or fewer 
applications than they might otherwise have. At the same time, the greater light penetration of 
com strips increased the potential for weed growth. 
Supplementary observations by researchers from Iowa State University and the USDA-
ARS Northern Grain Insects Laboratory, in South Dakota, suggest the strip configuration may 
also lead to previously undocumented complications with com rootworm {Diabrotica spp.) (R. 
M. Cmse and M. Ellsbury, 1996, personal conununication) and common stalk borer 
{Papaipema nebris Guenee) (J.J. Obrycki, 1996, personal communication). As these 
interactions are specified, solutions may be developed that will further reduce the incidence of 
low-profit occurrences. 
Economics 
The economics of strip systems can be evaluated: 1) by extracting the com and soybean 
portions of the three-year rotation in strips and comparing these to the same crops in field 
blocks; 2) relative to the two- or three-year rotation in field blocks; or 3) by contrasting strip 
performance to CER records turned in by other Iowa producers. Each method has its 
limitations and its value. 
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Com and Soybeans in Strips versus Blocks 
The anticipated biological efficiency of strip intercropping was realized in economic terms 
on these farms. Averaging across producers, in each of the two comparisons (planting pattern 
and systems), net profit in intercropped com and intercropped soybeans was greater than in the 
corresponding blocked com and soybeans for each of the three years, the exception being 1994 
soybeans in the planting pattern comparison. 
Full Strip Rotation versus Block Rotations 
Of greater cogency to the participating farmers is the overall performance of three-crop 
strip systems relative to their corresponding systems of field blocks. In each of the two kinds 
of comparison, average intercrop net exceeded that of the field block system in two years out of 
three. Over the three years, net profit in the planting pattem comparison was $29.50 per acre 
for strips and $25.76 for field blocks. Over the same period, net profit per acre in the systems 
comparisons averaged $37.45 in strip intercropping and $22.69 in the field blocks of com and 
soybeans. Analysis of variance did not reveal significant differences in net profit either: 
between cropping systems (intercrop versus monocrop, Pr>F=.1331); between the type of 
comparison (system versus planting pattern, Pr>F=.8699); or among farms within 
comparison types (Pr> F=.2099). Only year was a significant factor for net profit 
(Pr> .0099), with year-times-ccmparison-type weakly significant (Pr> F=.0957). Although 
there was no significant interaction between cropping system and type of comparison 
(Pr>F=.3160), the overall intercropping advantage was $14.76 in the systems comparison but 
only $3.74 in the planting pattem comparison. 
Cooperators versus Other Producers 
The third kind of evaluation compares intercropping net profit with per-acre net derived by 
other Iowa producers using the CER records. Here three-crop intercropping performed 
roughly on a par with the typical corn-soybean rotation. This is probably a conservative 
statement, since many of these other producers included some federal price support payments 
in their calculations, while the study cooperators did not. Examining Tables 6, 7 and 8, it is 
apparent that the effective com price received was usually greater for other Iowa producers 
than for the six research cooperators. The exception was corn in the planting pattern 
comparison in 1993. In that wet year both the market and crop insurance payments boosted the 
effective com price for many Midwest farmers. Gross income in com during this study 
reflected the marketing abilities of a farmer, but also federal price support. Most Iowa com 
producers benefitted from such support during 1992-1994. The six PFI cooperators, however, 
did not include price supports in their CER reports, a decision they made for uniformity and to 
avoid what some viewed as a distortion of the economic environment. 
Tables 6, 7 and 8 also show that, compared to the state CER averages, com and soybean 
production costs of the six cooperators averaged lower in both kinds of comparisons, in both 
the strip intercropping and the field blocks of those comparisons, and in all three years. The 
exception was 1993 field-block com in the systems comparison. Containment of production 
costs is a typical strategy in sustainable agriculture and used by many PFI farmers. 
An inescapable conclusion is that the small grains/forage legume portion of these three-
crop strips is the economic "weak link." While on average small grains performed somewhat 
less poorly in strips than in field blocks, this crop presents a dilemma familiar to Midwestern 
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farmers who lengthen their crop rotation beyond corn-soybeans. Small grains/forage legumes 
is, in a sense, the crop that loses money in order that the rest of the farm be profitable. In 
many cases, the feed, bedding, nitrogen fixation, and suppression of weeds and pests that are 
gained by including small grains and a forage legume make this too valuable a crop to discard. 
As noted (Weber, 1993) small grains may be particularly necessary to the success of 
Midwestern intercropping because their use of resources complements that of row crops. At 
the same time most farms without livestock would have difficulty justifying either three-crop 
strips or a three-crop rotation. In 1994, two cooperators from the study addressed the problem 
by grazing beef cattle on some forage legume strips (portable electric fencing makes this 
possible). Grazing increased the average net profit of these two intercropping systems to $25 
per acre from $13 (data included in Appendix A). 
Risk 
Averaged over three years, net return was greater in intercropped com for six out of six 
cooperators, in soybeans for five out of six cooperators, and in small grains for two out of four 
cooperators. Nevertheless, as described earlier, there were instances of poor performance of 
one crop or another that could reasonably be ascribed to the strip intercropping system itself. 
This study was not of a scale that could provide a statistical estimate of that variability. Even 
with occasional calamities in the strip intercropped systems, there was a nonsignificant 
tendency at the low end of the profitability range for intercropping to be associated with more 
favorable financial outcomes than field blocking and thus a tendency toward risk reduction. 
Over the three years of the project, some cooperators were more successful than others in 
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implementing the practice. However, every fanner defines the acceptable level of risk 
differently. 
Time/Management Issues 
The Crop Enterprise Records take into account ail management inputs including field 
labor. However, quantification of labor, risk, and expected net return are still insufficient to 
predict adoption of strip intercropping. The system requires field equipment compatible with 
strip widths, which may be especially difficult to achieve for the small grains/legume crop. 
Weed management may also require modified equipment, such as hooded sprayers. Further, 
the complexity of strip intercropping demands thought and attention in ways that Crop 
Enterprise Records do not entirely capture. 
Overall Value and Outlook for Adoption 
Although not the focus of this dissertation, the soil conservation value of strip 
intercropping can be considerable. In addition to the soil physical improvements brought about 
by crop rotation, strips may be oriented perpendicular to the slope. Consequently water, as it 
runs off the land, encounters heavy-residue crops like com or small grains tiiat slow the flow 
and cause soil particles to settle. The productivity and profitability of strip intercropping on the 
farms studied here compared well to conventional systems of cropping. While no two-crop 
strip systems were included for comparison, the results from these three-crop strip systems 
suggest longer rotations can be compatible with strip intercropping, especially when livestock 
can utilize forage and small grains that may be below market quality. Small grains/forage 
strips also provide convenient access for returning livestocic manure to the field in summer. 
Three-crop strip systems are best suited to diversified farms whose operators have the requisite 
skills. 
For each producer, there is likely to be an intangible and shifting threshold of acceptance. 
For those who value the conservation or environmental aspects of strip intercropping, that 
acceptance threshold may consist of equivalent performance in the CER. The majority of 
farmers are likely to demand minimal risk and a quantum improvement in net profit before 
adopting strip intercropping. In this study strips improved net returns and resulted in a 
moderate reduction in risk, at least relative to the comparison treatments. Strips also 
experienced intermittent competition from weeds, cover crops and insects. Those producers 
who choose to implement strip intercropping in the next years will teach us whether these 
problems are to be considered inherent in the system or are surmountable. 
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ECONOMICS OF SIMULATED CROP ROTATIONS IN IOWA IN A 
STRESS PERIOD 
A paper to be submitted to the Journal of Production Agriculture 
Derrick N. Exner and R. M. Cruse 
Abstract 
The corn-soybean rotation was compared to several simulated three-year rotations at two 
sites in Iowa between 1986 and 1989. At one of the two sites the simulated three-year rotations 
consisted of only com {Zea mays L.) and the small grain/forage crop; for economic analysis of 
these systems soybean {Glycine max (L.) Merr.) yields from the corn-soybean rotation were 
used. Crops at both sites were grown in narrow (15 foot, 4.57 m) strips. Data were collected 
from the center of strips to simulate monocrop performance. April-November precipitation at 
Nashua, Iowa (NERC) averaged 79 percent of normal over the four years, ranging from 59 to 
111 percent. April-November precipitation at Des Moines, Iowa (LHF) averaged 90 percent of 
normal over two years (77 percent in 1988 and 102 percent in 1989). Water was generally 
more limiting than was nitrogen. 
Each rotation was subjected to economic analysis using Iowa State University figures for 
costs of operations and inputs. Commodity prices were set assuming nonparticipation in 
government programs. 
The rotations that depended on hay cuttings to recoup seeding costs never achieved that 
goal. Oat (Avena sativa L.) and wheat (Triticum aestivum L.) harvests did largely pay for the 
cropping expenses of the systems that included them. At the Nashua site, except in the 
establishment year, the simulated oat/alfalfa-com-soybean rotation and the simulated oat/ 
sweetclover-com-soybean rotation were as profitable as (or no less unprofitable than) the 
corn-soybean rotation. In the two site-years at Des Moines, the winter wheat/red clover-com-
soybean rotation was economically superior to the other treatments. While small grains are 
generally not lucrative crops in Iowa, their performance in the drought-stress years of this trial 
was important to the relative success of the alternative crop rotations. 
Introduction 
The predominant crop rotation in much of the Midwest is the two-year sequence of corn 
(Zea mays L.) and soybean (Glycine max (L.) Merr.). A variety of cogent agronomic and 
economic reasons contribute to this situation; however, the rotation is not ideal from the 
standpoint of soil erosion. Inclusion of a third crop in the rotation could benefit both soil 
conservation and diversity on the farm. Can modem varieties and production practices justify 
alternative rotations on the typical contemporary farm - one that may not have livestock? 
Information pertinent to this question was generated by an experiment in the practice of 
strip intercropping conducted from 1986 to 1989 and involving two sites in Iowa. Treatments 
in these trials reflected various crop rotation options based on three different strategies: I) the 
corn-soybean row crop rotation that is typical of much of the Midwest; 2) com preceded by a 
sole-seeding of alfalfa (Medicago sativa L.) and followed by soybeans; and 3) com followed by 
soybeans and preceded by a year of a green manure forage legume that was seeded with a nurse 
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crop of oats or winter wheat. Information applicable to the crop rotations was abstracted from 
this intercropping experiment. 
Iowa farmers are only too aware of the frustrations of small grains. There are years in 
which many farmers disk the crop rather than harvest what remains after disease and weather 
have taken their toll. Midwestern producers also seem unable to achieve the test weights that 
food processors require, so local millers generally import their stocks from elsewhere. 
On the other hand, oats and wheat are less vulnerable to drought than com and soybeans 
and even seem to benefit from some dry weather. Small grains are the traditional establishment 
vehicle for alfalfa and clover crops, and this enterprise diversity constitutes another potential 
means of risk management. I desired to evaluate the net profitability of several possible crop 
rotations to judge the liabilities and benefits of diversification beyond com and soybeans. 
Literature Review 
Strip intercropping, which provided the framework for this crop rotation study, hinges on 
the temporal diversity created by crop rotation, adding an element of spatial diversity (Cmse, 
1990; Liebman and Dyck, 1993). Indeed, strip intercropping may function more effectively as 
the number of crops in the rotation increases (Weber, 1993). 
For millennia, diversity has been the norm not the exception in cropping systems. 
Likewise in the U.S., production of the same crop repeatedly on die same land only became 
practicable with the advent of inexpensive synthetic fertilizers, although not without recognition 
of the soil erosion potential (Jamison et al., 1968) and economic risks (Batesse et al., 1972). 
While rotation has occasionally been defined to include continuous corn or the rotation of 
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hybrids or varieties within same crop, crop rotation is generally considered to mean growing 
two or more crops in succession on the same land. A common crop rotation in much of the 
Midwest U.S. is the two-year, corn-soybean rotation, which presents somewhat of a special 
case. Corn-soybeans, like any rotation, is necessarily judged according to the system to which 
it is compared. 
Much of the research on crop rotation has focused on cropping systems that include a mix 
of row crops and sod crops or closely seeded crops, spring- as well as fall-seeded crops, deep-
and shallow-rooted crops, and annual and perennial crops. These rotations encompass the 
diversity that can reduce weed pressure (Liebman and Dyck, 1986; Bullock, 1992; Karlen et 
al., 1994), nitrate leaching potential (Olsen et al., 1970), soil erosion (Jamison et al., 1968; 
Hussain et al., 1988; Reganold, 1988), and local soil problems (Halvorson and Black, 1974). 
Crop rotations that produce large amounts of above- or below-ground carbon have been shown 
to improve soil physical characteristics like aggregation and bulk density, largely through 
increasing soil organic matter (van Bavel et al., 1950; Hussain et al., 1988; Karlen et al., 
1992). There is disagreement whether the rotation-mediated increase in organic matter benefits 
erosion control and crops through increased plant-available soil water holding capacity or 
through other mechanisms only. The view that organic matter does not increase plant-available 
water dates from the 1930's and is commonly encountered (Bullock, 1992), but recently 
Hudson (1994) reviewed inadequacies of that research and, using secondary data on three 
textural classes of soil, found a strong positive association between organic matter and 
plant-available water. 
Crop rotation likely persists as a practice as much for its short-term economic benefits as 
for long-term, soil-building attributes. Additional crop inputs are needed to compensate for the 
fertility and pest-control advantages that rotations can provide. As continuous row cropping 
came into practice, there was controversy whether external inputs can completely substitute for 
those benefits. A number of studies determined the answer to be "yes" (Batesse et al., 1972; 
Bolton et al., 1976; Baldock, 1980), but recent research (Barber, 1972; Dick and Van Doren, 
Jr., 1985; Chase and Duffy, 1991; Karlen et al., 1991; Bullock, 1992; Copeland et al, 1993; 
Karlen et al., 1994) suggests that there often is a "rotation effect" benefit above and beyond the 
nutrient, pest, soil moisture and other benefits of crop rotation. 
When the preceding crop in a rotation is nitrogen fixing, rotation effect and nitrogen 
contribution to the succeeding crop are confounded. Scientists have often distinguished 
between the two effects by calculating the "N fertilizer equivalence," or "fertilizer replacement 
value" (FRY) (LaRue and Patterson, 1981; Bollero and Bullock, 1994). FRV is calculated 
from the N response curves of the succeeding rotated and non-rotated crops, taking the x-axis 
value where the response curve for the non-rotated crop equals the yield of the rotated crop 
without added N. 
Bullock (1992) suggested that FRV overestimates the N contribution from rotation because 
it assumes the crop is ICQ percent efficient in using fertilizer nitrogen, and he pointed out that 
different figures for FRV may be derived from the use of different crops to follow the nitrogen 
fixer. Bolero and Bullock (1994) calculated a more conservative nitrogen contribution from a 
hairy vetch {Vicia villosa Roth) cover crop to com and sorghum {Sorghum bicolor L.) by 
comparing optimal N rates on the response curves for the rotated and unrotated crop. 
Nitrogen contribution aside, studies have attempted to determine the mechanism for the 
44 
rotation effect. Barber (1972) concluded that the value of an incorporated hay stand extended 
to com crops multiple years later. Meese et al. (I99I), rotating continuous cropping into corn-
soybean rotation plots, observed com and soybean yield decreases continued beyond the second 
year of monocropping. Crookston et al. (1991) found the rotation effect to be measurable 
beyond one year for soybeans following com but not for com following soybeans; in the latter 
case second-year com yields were depressed relative to third- and later-year com. 
Crookston and Kurle (1989), using plots in a com-soybean rotation, determined there was 
no yield effect on subsequent crops by transferring com residue from a plot of com already 
harvested to the plot of the yet-to-be-planted com crop in the fall of the year before moldboard 
plowing. They concluded that the rotation effect was not due to crop residue, at least when 
handled in this manner. Crookston et al. (1988) were unable to elicit a positive response in 
com to triacontanol, a constituent of soybean residue, or to distinguish between the benefit of 
following fallow and that of following soybeans. They concluded that the rotation effect is 
likely some adverse influence that each crop has upon itself, rather than a stimulant effect that 
each crop has on every other but itself. 
Several root studies have bearing on the stimulant/inhibitor issue, although questions 
remain. Copeland et al. (1993) observed greater water use efficiency (WUE = yield 
evapotranspiration) in first-year com and first-year soybeans in rotation than in com and 
soybeans continuously cropped. First-year com also used more water in absolute terms than 
continuous com in this study. However roots and rhizosphere microbial biomass were reduced 
in sorghum rotated with soybean, although it, too, exhibited a yield benefit relative to 
continuous sorghum (Roder et al., 1988; Roder et al., 1989). In contrast, in this study rotated 
soybeans showed increased root growth and rhizosphere microbial biomass and no difference in 
shoot growth (but a measurable yield benefit) relative to continuous soybeans. A reader of this 
literature may wonder if the mechanisms involved in the so-called rotation effect are as varied 
as the responses observed. 
Further clues to the question of mechanism are suggested by studies that find interactions 
between the magnitude of the rotation benefit and crop conditions, especially relating to soil 
moisture. Several papers have documented increased benefits to crop rotation when crops were 
stressed by too little moisture (Roder et al., 1989) or either too little or too much moisture 
(Barber, 1972), although a negative correlation between drought stress and rotation benefit was 
suggested by Bolton et al. (1976). Soybeans in rotations longer than two years exhibited 
greater water use efficiency than soybeans following com, an effect that was more pronounced 
in years with greater water stress (Copeland et al., 1993). 
Similarly, some researchers have reported a crop rotation X tillage interaction. Whereas 
continuous com is frequently the most successful rotation under a moldboard plowing regimen, 
use of a corn-soybean rotation (Griffith et al., 1988; Chase and Duffy, 1991; Karlen et al., 
1991; Meese et al., 1991) or longer rotation (Dick and van Doren, 1985; Griffith et al., 1988) 
can make conservation tillage systems as productive as moldboard plowing on some soils where 
they would otherwise be at a disadvantage. Dick and van Doren (1985) suggested that crop 
rotation may serve to break disease or other biological cycles that moldboard plowing would 
otherwise interrupt through inversion of crop residue and soil. 
As noted above, the corn-soybean sequence qualifies for many of the yield benefits of crop 
rotation. It does so despite equivocal evidence as to its effects on soil parameters mentioned in 
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this paper. It has been asserted that continuous com returns more residue to the soil than the 
corn-soybean rotation (Karlen et al., 1991) and better slows the decline in soil organic matter 
(Bullock, 1992; Karlen et al., 1992). In contrast, Hussain et al. (1988) found soil in both the 
com and soybean phases of a corn-soybean rotation to have generally greater soil aggregation 
and resistance to detachment at high rainfall intensity, compared to soil in continuous com. 
Laflen and Moldenhauer (1979) identified a soybean "soil effect," independent of residue 
ground cover, characterized by greater late spring soil loss from com following soybeans than 
from either continuous com or soybeans following com. 
Van Bavel et al. (1950) showed that over time cropping sequences sought different 
equilibria for yields, soil loss from water erosion, and soil aggregation (independent of changes 
due to soil loss). Changes in crop rotation resulted in movement to new equilibria, but all 
parameters degraded subsequent to the original rotation out of continuous alfalfa and bluegrass. 
More generally, the diminution of soil organic matter and soil physical parameters and the 
increase in soil erosion and external production inputs has been intrinsic to the transition from 
extended rotations to short rotations and continuous cropping (Bullock, 1992). If cropping 
systems are the problem, they may also be part of die solution; crop rotation is one means of 
restoring a diversity that more closely resembles the natural ecosystems (Karlen et al., 1992) 
that serve as a baseline in our understanding of soil quality and sustainability. 
Materials and Methods 
The com-soybean rotation was compared to several simulated three-year rotations at two 
sites in Iowa between 1986 and 1989. The Northeast Research Center (NERC) is near Nashua, 
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Iowa, while Living History Farms (LHF) lies on the outskirts of Des Moines, in central Iowa. 
The rotations were laid out m side-by-side fifteen-foot (4.57 m) strips in order to gain 
information on the practice of strip intercropping. Reported here are data from the inner four 
rows of 6-row crop strips and the centers of the small grains and forage strips. This approach 
is similar to that of Lesoing and Francis (1990). Excluding strip edges from analysis may not 
entirely eliminate border effects, but the relative performance of rotational treatments was 
probably not affected by the stripping configuration. 
NERC Site 
The Nashua (NERC) site was established in 1986 on land that had gown corn the previous 
year. The three-year rotations were simulated with a two-year alternation of com and the third 
crop, leaving out the year of soybean. For economic analysis, the yield of these soybeans in 
the corn-soybean treatment were used in the simulated alternative rotations. The alternative 
rotations evaluated were named according to their "third year:" 
"AH2" — "annual" alfalfa {Medicago sativa L.) established with herbicide, cut twice (hay sold). 
"AH4" — "annual" alfalfa established with an herbicide and cut up to four times, weather 
permitting (hay sold). 
"AOO" — "armual" alfalfa established with a nurse crop of oat, the oat grain and straw harvested 
and the alfalfa left for green manure. 
"COO" — sweetclover (Melilotus officinalis (L.) Lam.) established with a nurse crop of oat, the 
oat grain and straw harvested, the sweetclover left for green manure. 
"SB" — corn-soybean, two-year crop rotation. 
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LHFSite 
The Des Moines (LHF) site was established in 1987. Two replications had been in warm 
season grass previously and two replications in row crops. Because of field variability from 
preceding use, data are not reported for 1987. All years of the crop rotations were grown in 
the field. The rotational treatments were ''AH4," "COO," "SB," and: 
"WCO" — winter wheat (Jriticum aestivum L.), seeded after soybean harvest with a later frost 
seeding of red clover (Trifoliim pratense L.), the wheat grain and straw harvested and the 
clover left for green manure. 
Com and soybean varieties planted, seeding rates, and weed control materials used are 
shown in Table 12. 
Table 12. Crop varieties, seeding rates, and crop protection materials used. 
Hybrid/var. Seed rate Materials 
NERC 
Com Pioneer 3732 28,000 Lasso t, Bladex t 
1986-88 Treflan § 
1989 Amiben t 
Soybeans 1986-87 Elgin 
1988-89 Corsoy 79 180,000 
Alfalfa 1986 CUF 101 
1987 MOAPA 69 
1988, 1989 Nitro 
20 lb/a sole-seeded 
14 lb/a with oats Eptam # 
LHF 
Com Pioneer 3379 22,500 Dual tt 
Soybeans Asgrow 1937 55 lb/a Dual tt 
Alfalfa 1988, 1989 Nitro 20 lb/a Eptam # 
Wheat Cody, hard red winter 214 bu/a carboxin and thiram seed trt. 
t alachlor, t cyanazine, § trifluralin, t chloramben, ff EPTC, tt Metolachlor 
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The "annual" alfalfa was nondormant alfalfa, whose active growth continues into the fall, 
thus extending both the harvest and nitrogen fixation. Four levels of nitrogen fertilizer were 
stripped across the rotational com plots to better estimate the economics of nitrogen use in each 
rotation. N rates used are shown in Table 13. At planting all crops received fertilizer 
potassium and phosphorus calculated to meet or exceed crop removal. 
Table 13. Nitrogen applied to com in kg/ha (lb/a) from 1986-1989. 
N Level 
Year 
19861 1987 1988 1989 
1 0 (0) 0 (0) 0 (0) 0 (0) 
2 34 (30) 34 (30) 56 (50) 56 (50) 
3 67 (60) 67 (60) 112 (100) 112 (100) 
J 101 (90) 101 (90) 168 (150) 168 (150) 
t Except 1986 SB treatment: 0, 56, 112, 157 kg/ha (0, 50, 100, 140 lb/a). 
To determine optimum fertilization, the "linear response and plateau" (LRP) model was fit 
to nitrogen response treatment-by-treatment in years showing a significant nitrogen effect. 
LRP generated the lowest nitrogen rate at which maximum yield would be obtained, and this 
rate and yield were used in calculation of crop rotation profitability. 
Each rotation was subjected to an economic analysis using Iowa State University figures 
for average fixed and variable costs of operations and input prices (Duffy et al., 1985-1993). 
Commodity prices were set assuming nonparticipation in government programs (see Table 14). 
Land was charged at $85 per acre and labor at $6.00 per hour. 
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Table 14. Commodity prices used in economic calculations for NERC (1986-1989) and 
LHF (1988-1989). 
Year 
Commodity 1986 1987 1988 1989 
Com (/bu) $1.83 $1.45 $2.19 $2.34 
Soybean (/bu) $4.90 $4.97 $7.13 $6.56 
Oat(/bu) $1.17 $1.63 $2.45 $1.96 
Wheat (/bu) - - $3.12 $3.83 
Straw (/ton) $76.57 $51.10 $76.57 $76.57 
Hay, alfalfa $53.30 $51.10 $72.80 $94.40 
(/ton in 60 lb bales) 
Results and Discussion 
The years 1987 through 1989 were dry at these two Iowa sites (see Table 15). Water was 
generally more limiting than was nitrogen. The rotations that utilized forage legumes to fix 
nitrogen for the subsequent com crop also depleted the soil of water prior to com. At the same 
time, the drought hurt the establishment 
and growth of first-year alfalfa and clover. 
The "annual" alfalfa was frequently 
sufficiently winter hardy that it either 
interfered with the succeeding com or 
required special operations to eliminate it. 
These operations were not charged to the 
cropping system, since they were 
considered avoidable if more winter-
Table 15. April-November 
precipitation as percent of normal for 
1986-1989 at NERC and LHF. 
Site 
Year 
1986 
1987 
1988 
1989 
Nashua 
(NERC) 
Des Moines 
(LHF) 
111 
79 
65 
59 
77 
102 
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sensitive alfalfa varieties like CUF 101 had been consistently used. 
Com yield response to nitrogen fertilizer was weak where April-November precipitation 
was low (Tables 15, 16, Figure 5). Although no soil moisture measurements were made, crop 
appearance in the area strongly suggested that the limiting factor was moisture. 
Table 16. Summary of significance: com yield response to crop rotation and nitrogen by 
year at NERC and at LHF. 
Site Year Rotation Nitrogen Rot. X Nit. 
NERC 1986 *» ** N.S. 
NERC 1987 * ** N.S. 
NERC 1988 :fe:fc N.S. N.S. 
NERC 1989 :fe* N.S. 
LHF 1988 N.S. * N.S. 
LHF 1989 ** ^3fe 
* Statistical significance at 95 percent confidence level. 
*• Statistical significance at 99 percent confidence level. 
Applying SB soybean yields to the other treatments at NERC during this period could have 
introduced bias in either direction. Soybeans in rotation with sweetclover or alfalfa during a 
drought might find less soil moisture than the "benchmark" soybeans in the corn-soybean 
rotation of the SB treatment. On the other hand, soybeans in rotations longer than two years 
have exhibited greater water use efficiency (Copeland et al., 1993) and yield (Crookston et al., 
1991) than soybeans following com. 
AH2 and AH4, the rotations which depended on hay cuttings to recoup seeding costs, 
never achieved that goal (Table 17, Figs. 6 and 7). On the other hand, oat and wheat harvests 
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Figure 5. Corn response to nitrogen fertilizer by treatment in simulated crop rotations at 
NERC (1986-1989) and at LHF (1988-1989). 
(grain and straw) did largely pay for cropping expenses. Except in the establishment year at 
NERC, the oat/alfalfa-com-soybean rotation and the oat/sweetclover-com-soybean rotation 
were as profitable as (or no more unprofitable than) the corn-soybean rotation. 
During the period of this experiment, com producers were eligible for price support diat 
would have particularly improved the profitability of the two-year corn-soybean rotation. On 
the other hand, net profit of sole-seeded alfalfa would have been helped by retaining the forage 
for harvest in the year after its establishment. Producers likely would have pursued different 
profit-optimization strategies with these different complements of crops. On the basis of 
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Table 17. Net return for crop rotation treatments for 1986-1989 at NERC and LHF. 
Site/ 
Treatment 1986 1987 
Year 
1988 1989 Average 
NERC 
AH2 ($43.35) ($72.27) ($96.18) ($60.96) ($68.19) 
AH4 ($45.39) ($71.60) ($75.22) ($40.78) ($58.25) 
AOO $5.56 ($31.05) ($19.68) $16.60 ($7.14) 
COO $4.83 ($23.27) ($27.68) $6.41 ($9.93) 
SB $40.79 ($23.97) ($36.91) ($15.85) ($8.99) 
LHF 
AH4 — — ($136.98) ($20.78) ($78.88) 
COO — — ($78.11) $32.86 ($22.63) 
SB — — ($103.97) $9.74 ($47.12) 
WCO — — ($77.49) $52.48 ($12.51) 
comparison used here, however, three-year rotations that included small grains fared better 
than either corn-soybeans or the three-year rotations that included sole-seeded alfalfa. 
Few lowans dispute that the corn-soybean rotation is the prevailing cropping practice in the 
state. Notwithstanding the economic and policy exigencies that have made it so, the data from 
these two trials suggest that more complex crop sequences may have advantages, at least under 
certain environmental conditions. The small grains included in several of the simulated 
rotations of this study were adapted to the seasons of reduced rainfall that occurred during the 
experiment. Those treatments generated revenue at the same time they produced green manure 
for the benefit of succeeding crops in the rotation. 
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Figure 6. Net profit in five simulated crop rotations at NERC, 1986-1989. 
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Figure 7. Net profit in four simulated crop rotations at LHF, 1988-1989. 
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CROP RESPONSE TO LOCATION, NITROGEN FERTILIZER, AND 
CROP ROTATION IN STRIP INTERCROPPING 
A paper to be submitted to the Journal of Production Agriculture 
Derrick N. Exner and R. M. Cruse 
Abstract 
The reported productivity of intercropping is attributed to interactions among constituent 
crops and their use of resources. Strip intercropping regularizes these inter-crop interfaces, 
allowing border effects to be quantified and strip configuration to be optimized. I conducted 
this research to examine the role of cultural factors that could affect strip intercropping 
efficiency: crop species, crop rotation, location within the strip, nitrogen fertilizer for com, and 
(for forages) time of harvest. 
Strip intercropping was implemented for a variety of crop rotation systems at four levels of 
nitrogen fertilizer for com. In a total of six site-years, in 15-ft-wide strips running north-south, 
I observed the responses of com (Zea mays L.), soybeans (Glycine max (L.) Merr.) small 
grains and forage legumes to position within the strip, fertilizer, previous crop, and weather. 
Drier than normal April-November precipitation during the four-year experiment limited 
crop yield response to nitrogen fertilizer and exacerbated inter-strip competition. At Living 
History Farms (LHF), near Des Moines, Iowa, com at strip borders generally yielded less than 
in the strip centers. At the Northeast Iowa Research Station (NERC), near Nashua, corn 
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generally over-yielded at the borders, that is, com strip borders yielded more than strip 
centers. At the latter site, the eastern com border was more favorable to grain production than 
was the western strip edge, consistent with reduced moisture stress during drought. At both 
sites, border com next to soybeans yielded more poorly than com next to forage legumes with-
or-without small grains. This outcome may have been management related. Yield response to 
both rotation and nitrogen fertilizer was limited when drought conditions prevailed. The 
clearest response to rotation appeared in corn grain nitrogen concentration and was most 
pronounced in the center com rows of the strips. 
Soybeans consistently lost yield at strip borders but lost less next to com than when next to 
other crops. Oats {Avena sativa L.) and winter wheat (Triticum aestivum L.), which largely 
grow before peak resource demand by the other crops, were affected little by strip cropping, 
although in individual site-years one border or the other yielded more or less grain or straw 
than strip centers. Forage legume hay yields generally suffered at border positions at the 
NERC site but not at LHF. The first hay cutting of the year, however, tended to show over-
yielding at the east strip border and under-yielding at the west border. 
This research showed both the potential of strip intercropping and its problems. The 30-40 
bu per acre com over-yielding in the first year at NERC is an example of the former and is the 
kind of performance that keeps both scientists and farmers intrigued with the system. Weather 
and management both limited stripping performance during most site-years of the project. 
Lessons learned from this work have been used to advantage in subsequent implementations of 
strip intercropping carried out by other researchers. 
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Introduction 
This study was undertaken to obtain a knowledge base on the productivity of strip 
intercropping and practices for its implementation. I was also interested in the agronomic and 
economic performance of different crop rotations in a strip intercropping configuration. The 
two-year rotation of com {Zea mays L.) and soybeans {Glycine max (L.) Merr.) is typical for 
Iowa, but there are indications that it may not be the best rotation for strip intercropping. 
Besides corn-soybeans, rotational treatments were three-year sequences that included small 
grains and/or a nitrogen-fixing forage crop. The forage crop was either yellow sweet clover 
{Melilotus officinalis (L.) Lam.), a non-dormant ("annual") variety of alfalfa (Medicago sativa 
L.), or red clover (Trifolium pratense L.). I grew com in the rotations at four levels of 
nitrogen fertilizer to obtain an indication of the rotational N contribution and to better estimate 
the economics of these treatments. To determine optimum fertilization, the "linear response 
and plateau" model was fit, treatment-by-treatment, to nitrogen response in years showing a 
significant nitrogen effect ("Economics of Simulated Crop Rotations in Iowa in a Stress 
Period," Exner and Cruse, page 39 of this dissertation). 
The project began in 1986 at the Northeast Iowa Research Center (NERC), at Nashua, 
Iowa, and it was expanded in 1987 to include plots at Living History Farms (LHF), near Des 
Moines, Iowa. Because of nonuniform field history at the Des Moines site, 1987 was 
considered an establishment year, and no data are reported for that site-year. Reported here 
are data from Nashua, 1986-1989, and Des Moines, 1988-1989. 
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Review of Literature 
Border Effects 
Integral to strip intercropping systems are the borders between crops and the ways those 
borders affect the function and complexity of the system. It is through border interactions that 
"over-yielding" and yield suppression occur. Crop yield, itself, is merely a useful integrator of 
the various interactions brought about through strip intercropping. A number of these 
interactions have been studied in isolation. 
Radke and Hagstrom (1976), writing in the context of wheat production, wrote: "The two 
main effects of planting a short and a tall crop are light interception (shading) and wind 
protection." A third dynamic studied in strip intercropping is competition for soil resources, 
especially water. Most observations on strip intercropping have focused on one or more of 
these three critical phenomena. 
In subhumid environments researchers have explored interplanting small grains with taller 
crops for wind protection. Skidmore et al. (1975) and Hough and Cooper (1988) simulated the 
barrier crop with fencing and horticultural netting, respectively; Radke and Hagstrom (1976) 
used com (Zea mays L.) as a barrier species; while other researchers (Aaese and Siddoway, 
1974; McConkey et al., 1990) have employed tall wheatgrass (Agropyron elongatum (Host) 
Beauv.). The consensus is that these barriers, despite their potential to interfere with the crop 
at close range, reduce evaporative demand for shorter crops downwind, resulting in a more 
favorable balance of transpiration to evaporation for crops as far away as ten times the height 
of the barrier crop. Physiological changes seen in sheltered plants include increased leaf area 
index (LAI), larger Individual leaves, increased tillering (Hough and Cooper, 1988), and 
reduced stomatal resistance (Skidmore et al., 1975; Radke and Hagstrom, 1976). The benefits 
of wind shelter have been most evident in dry years and least evident in wetter than normal 
years (Aaese and Siddoway, 1974; Hough and Cooper, 1988; McConkey et al., 1990). 
Moisture is the soil resource most frequently at issue in strip intercropping reports from 
locations where crop nutrients are at or above sufficiency levels. For example, Garcia-Pr6chac 
(1991) and Fortin et al. (1994) described soil water content gradients across com strips, with 
the greatest content at the border with soybeans and the least moisture at the border with oats. 
Garcia-Prdchac (1991) described a similar moisture gradient under soybeans: strip center > 
com border > alfalfa/oats border. Competition for moisture between crops plays a large part 
in determining which crop strips over-yield and which suffer yield reductions. In dry years 
(Cmse, 1990; Garcia-Prdchac, 1991; Fortin et al., 1994; Choromanska, 1995) or without 
irrigation (Lesoing and Francis, 1990) this competition can flatten or reverse the overyielding 
often seen in border rows of com. Garcia et al. (1990) found that tillage type affected strip 
intercrop performance through its effect on soil water, particularly in a dry year. 
Thus moisture competition is a process most evident in the kind of growing season when 
the strip windbreak aspect is least important. Evidence indicates that moisture is the more 
important dynamic for intercropping with fairly narrow (4-10-row) strips of corn-soybeans or 
com-soybeans-small grains/forage legume. Still, not all stripping research has incorporated 
truly sole-cropped treatments. The center portions of strips are not the best representation of 
sole cropping and may benefit from an unnoted wind shelter effect. 
Typical intercropping configurations include crop plants of different sizes and growth 
habits. The taller crops intercept additional sunlight at the expense of their neighbors, and 
60 
different positions in the same strip access different light levels (Thompson et al., 1976; Shen, 
1984; Whigham, 1985). It is the high intensity light of clear days and mid-days that is most 
photosynthetically effective, and this light is more segregated by strip position than is diffuse 
light (Van, 1994). Row directions and crop orientations that allowed mid-day light into the 
soybean canopy produced the largest soybean yields in strip intercropping (Shen, 1984). 
Intercropping incorporates aspects of the diversity that gives natural ecosystems their 
stability and productivity (Karlen et al., 1994). Strip intercropping that utilizes the 
predominant crops of the Midwest, com and soybeans, has frequently been described as a 
"zero-sum" situation, with com yield gains achieved at the expense of soybean yields 
(Pendleton et al., 1963; Wright, 1981; Shen, 1984; West and Griffith, 1992). One reason for 
this may be that corn-soybean strip intercropping utilizes spatial diversity but not, since these 
two crops are concurrent, temporal diversity (Cruse, 1990; Weber, 1993). Much recent 
research has included a third crop, typically small grains, with or without an underseeding. 
The oats or other small grains maximizes soil moisture use before com and soybeans in 
neighboring strips reach peak demand. Thus their competition for moisture is chiefly dirough 
depletion prior to mid-summer. Fortin et al. (1994) found "the small grain strip resulted in less 
competition for the neighboring soybean row than com, even in drought conditions." 
Of course, this third year in the crop rotation introduces additional considerations. Forage 
legumes underseeded with small grains are capable of immobilizing/fixing significant amounts 
of nitrogen that can benefit subsequent crops for multiple years (Stickler et al., 1959; Sheaffer 
et al., 1991). At the same time, forage legumes can themselves compete with crops in 
neighboring strips, or they can use water needed by subsequent crops in the rotation (Shaw et 
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al., 1972). Small grains strips may also provide a pathway for grasshoppers {Orthoptera 
order) or other pests to enter the field (P. Mugge, Sutherland, Iowa, 1996, personal 
communication). At the same time, the temporal diversity provided through inclusion of small 
grains has lifted Midwest strip intercropping out of the "zero-sum" treadmill. The typical strip 
intercropped field in August now has soybeans leaning 1-2 ft into the neighboring strip of grain 
stubble, effectively increasing soybean light interception by 10%. 
If, in a year with adequate moisture, strip intercropping removes light as a limiting factor 
for the growth of com, should other factors be adjusted to take advantage of this environment? 
Many of the physiological changes seen in stripped com resemble those produced when plant 
population is reduced (Van, 1994). Several researchers have suggested that optimum com 
populations are higher in strip intercropping than in sole cropping (Shen, 1984; E*utnam et al., 
1985). However, West and Griffith (1992) found that while increasing nitrogen fertilizer and 
planting rate augmented strip overyielding in three normal years, it decreased corn's agronomic 
and the strips' economic performance in the drought year of 1988. Other researchers have 
commented on the negative relationship between com population and yield of neighboring 
soybeans (Shen, 1984; Whigham, 1985). 
Grain Nitrogen Response 
Com in the outer rows of intercropped strips intercepts greater sunlight than either 
monocrop com or com at the center of the strip. This additional light represents an increment 
in a growth factor that is often limiting in field production. Other elements may be either 
positive or negative as actualized at such a border; these could include soil moisture (affected 
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by competition within and between crop strips), soil fertility (affected by both competition and 
crop rotation), and microclimatic factors. Crop yield is the most obvious integrator of these 
different influences, but there are other indices that also bear on the situation; among them is 
grain nitrogen content. 
Grain N content or concentration has long been used as an indicator of crop status, but the 
exact relationship is not necessarily "more is better." Consider this quote: "Morrison in the ll"* 
edition of 'Feeds and Feeding,' published in 1911, lists the crude protein content of com grain 
as 10.3%. In the 20"* edition of 1936, the percentage of no. 2 com was 9.4%, but in the 21" 
edition it had dropped to 8.6%" (Zuber et al., 1954). Sander et al. (1987) commented that 
many production practices that negatively affect yield have the effect of increasing grain N 
concentration. Finally Ahmadi et al. (1993b) stated: "Cropping systems are often developed 
with increased yield as the sole consideration. Unfortunately, this emphasis on yield may result 
in poorer quality grain." Much research has gone into reconciling these apparent 
contradictions. 
Macy (1936), building on the concepts of Von Liebig, Mitscherlich and others, proposed a 
relationship between crop yield and nutrient sufficiency as indicated by the nutrient 
concentration in the plant. This theory, now well Icnown, involved a critical percentage and a 
minimum percentage separated by a poverty adjustment zone within which nutrient 
concentration was proportional to the deficiency. Corresponding to Macy's zone of poverty 
adjustment, many research reports have confirmed a direct relationship between increasing 
nitrogen fertilizer rates and increasing N concentration of the grain (Zuber et al., 1954; 
Anderson and Peterson, 1973; Raja and Rauf, 1977; Anderson et al., 1984; Asghari and 
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Hanson, 1984; Kiilom and Zourarakis, 1992). 
Observations that nutrient additions produced increases in both crop nutrient concentration 
and crop yield led to interest in the use of nutrient concentration as a yield indicator. As this 
approach was taken to real-world situations, reports appeared of confounding factors. Plant 
population, for example, is itself a determinant of crop nutrient concentration, with higher 
populations generally associated with lower nutrient concentrations (Zuber et al., 1954; Ahmadi 
et al., 1993b; Boone et al., 1984). Differences in grain N concentration among hybrids has 
also been recorded (Zuber et al., 1954; Tsai et al., 1983; Ahmadi et al., 1993a) although these 
differences are not always consistent from one site-year to another (Boone et al., 1984). Grain 
nitrogen content can also be influenced by climatic conditions like moisture availability (Boone, 
et al., 1984; Killom and Zourarakis, 1990) and summer temperature (Zuber et al., 1954) that 
affect plants' growth potential or ability to translocate nutrients and photosynthate to the grain. 
Moderate reflection will relate many of these contingencies to the statements in the second 
paragraph of this section made by Zuber et al. (1954), Sander et al. (1987), and Ahmadi et al. 
(1993b). 
Comparisons across site-years, hybrids, weather, and other conditions has been facilitated 
by standardizing crop yields relative to a maximum-possible crop yield. Relative yield has 
been calculated, variously, in terms of the highest-yielding plot averaged over the term of a 
study (Asghari and Hanson, 1984) and from maximum yield predicted by a mathematical model 
within each site year (Cerrato and Blackmer, 1990) or site-year-hybrid (Pierre et al., 1977a). 
Discussions of the relationship between the N accumulation response and the yield 
response include the location of maxima. A number of researchers have observed grain N 
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concentration to peak at higher rates of fertilizer than do crop yields (Perry and Olson, 1975; 
Asghari and Hanson, 1984; Sander et al., 1987) or to respond to fertilizer additions in the 
absence of any yield response (Sheaffer et al., 1991; Ahmadi et al., 1993a). Cerrato and 
Blackmer (1990) concluded no significant difference between the economically optimum N-
fertilization rate and the rate that produced maximum grain N content, although their data are 
not incompatible with such a relationship. Of course central to the theory of Macy (1936) was 
the concept of "luxury consumption" beyond the level of nutrient availability necessary for 
maximum crop yield. 
Is the relationship between tissue N concentration and yield sufficiently strong to be a 
predictive tool, or is it merely descriptive? Pierre et al. (1977a, 1977b), extending Macy's 
approach with the use of relative yields, found evidence for a single "critical concentration" in 
com grain (1.54% N). They also held to Macy's view that "when other factors affect the 
percentage content of a nutrient in a plant they likewise affect the sufficiency of that nutrient as 
measured by response to it." In other words, relative yield would be insensitive to the above-
cited factors of population, weather and hybrid, so the (relative) yield-grain N concentration 
relationship must be stable. Pierre et al. (1977b) elaborated a method for determining com 
fertilizer nitrogen needs based on this relationship. Others did not take the theory this far, but 
reports of critical level determinations (Asghari and Hanson, 1984; Boone et al., 1984) are not 
uncommon in the crop science research of this period. 
Pierre et al. (1977b) acknowledged curvilinear relationships between crop N requirements 
and relative yields. Cerrato and Blackmer (1990) observed a C-shaped relationship between 
relative yields and grain N concentration in one of two study years. They suggested that at low 
relative yield levels, increments in N availability produced sufficient crop growth that N 
concentrations in the grain were actually "diluted." They discounted the model of Pierre et al., 
finding that while a critical-level model correlated satisfactorily with their data, it accounted for 
only a small portion of the total variability. In other words, it was descriptive but not 
predictive. 
Materials and Methods 
Strip intercropping treatments were somewhat different at the two sites. Both experiments 
were laid out as strip-split plots in four replications, with crop rotations the main treatments and 
four rates of nitrogen (the subplots) stripped across these rotations. Strip width was 6-30 in 
rows, or 15 ft. At NERC, several "simulated," three-year crop rotations were compared to the 
two-year, corn-soybean rotation. They were simulated in that they omitted the soybean year of 
the three-year rotations, "borrowing" soybean yields from another treatment. The only 
soybeans actually grown were in the two-year, corn-soybean rotation. At the Living History 
Farms site, each treatment included all years of the crop rotation. 
Spring primary tillage at NERC consisted of chisel plow or disk followed by one field 
cultivation. At LHF, because of the remaining grass sod, moldboard plow and field cultivator 
were used. Row crops were cultivated twice. Hybrid/variety selection and crop protection 
materials are detailed in "Economics of Simulated Crop Rotations in Iowa in a Stress Period" 
(Exner and Cruse, Table 12, page 48 of this dissertation). In 1986-1987, nitrogen rates were 
generally 0, 30, 60, and 90 lbs N per acre (but 0, 50, 100, 140 for com following soybeans in 
1986), and they were 0, 50, 100, 150 lbs N per acre in 1988-1989. N rates are detailed in 
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"Economics of Simulated Crop Rotations in Iowa in a Stress Period" (Exner and Cruse, Table 
13, page 49 of this dissertation). 
NERC Treatments 
The site was a south-facing slope of 2% or less, on Kenyon series soils (fine-loamy, 
mixed, mesic Typic Hapludoll). Strips were 200 ft in length, running north-south, with the 
slope. The four nitrogen rate subplots were each 50 ft long. The crop rotational treatments 
were com in rotation with: 
"AH2" - "annual" alfalfa {Medicago sativa L.) established with an herbicide and cut twice (hay 
sold). 
"AH4" - "annual" alfalfa established with an herbicide and cut four times, weather permitting 
(hay sold). 
"AOO" - "annual" alfalfa established with a nurse crop of oats {Avena sativa L.), the oats 
harvested and the alfalfa left for green manure. 
"COO" - sweetclover {Melilotus officinalis (L.) Lam.) established with a nurse crop of oats, the 
oats harvested, the sweetclover left for green manure. 
"SB" - soybean {Glycine max (L.) Men*.) in a two-year crop rotation with corn (Zea mays L). 
Com in each treatment bordered one forage legume strip that was part of the same 
treatment and one legume strip that was part of die neighboring treatment. Each year in two of 
the four replications the same-treatment legume strip was west of the com strip and in two 
replications it was east of the com (Fig. 8). 
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Figure 8. Field plot layout at Northeast Research Center (NERC) in 1989. 
LHF Treatments 
The site was level ground west of the Conservation Center at Living History Farms, in the 
Des Moines suburb of Urbandale. The soils were Clarion and Nicollet loams (fine-loamy, 
mixed, mesic Typic Hapludolls). Strips were 120 ft in length, running north-south. The four 
nitrogen rate subplots were each 30 ft long. The crop rotational treatments consisted of three-
strip sequences, with com and soybeans in rotation with a forage legume and/or a small grain; 
"AH4," "COO," "SB," and: 
"WCO" - winter wheat (Triticum aestivum L.), seeded after soybean harvest with a later frost 
seeding of red clover (Trifolium pratense L.), the wheat harvested and the clover left for 
green manure. 
In the SB treatment, data was collected from com bordered by soybeans and soybeans 
bordered by com. In the other treatments, rotations proceeded from east to west in two 
replications and from west to east in the other two replications. In 1988 and 1989, com in each 
treatment bordered the forage legume strip within that same treatment and soybeans from either 
that treatment or the next treatment in the field (Fig. 9). 
At both sites, com was harvested by hand or plot combine. A subsample was dried to 
determine grain moisture content, and the yield was expressed on a 15.5% moisture basis. The 
subsample was later ground and analyzed for total nitrogen using microKeldahl techniques. 
Soybeans were hand harvested using a filament mower and threshed on site. Depending on 
moisture content, each plot was subsampled for moisture, or a composite sample was taken for 
moisture determination. Small grains were sampled in quadrants 30 in (5 rows)-by-61 in, air-
dried outdoors in individual sample bags, weighed, threshed, and the grain weighed. Within 
each rep/treatment/N level combination, quadrants were sampled at the center of the strip, at 
the east border, and at the west border of the strip. Alfalfa was also hand harvested at three 
locations in the AH2 and AH4 treatments. Each harvest was the composite of one or two 
quadrants 64 in long-by-34 in wide (15.11 square ft), except at NERC in 1988 and 1989, when 
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Figure 9. Field plot layout at Living History Farms (LHF) in 1989. 
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strips 36 in wide and 40 ft long were machine harvested with a flail mower (Carter Mfg. Co.). 
Results 
April-November precipitation was below normal at LHF in 1988 and at NERC all years 
except 1986, falling to as little as 59% of normal. April-November precipitation is provided in 
("Economics of Simulated Crop Rotations in Iowa in a Stress Period," Exner and Cruse, Table 
15, page 50 of this dissertation). The moisture deficit undoubtedly played a part in the results 
obtained in this study, both in terms of the economic projections for the different rotational 
treatments ("Economics of Simulated Crop Rotations in Iowa in a Stress Period," Exner and 
Cruse, page 39 of this dissertation) and in the efficiency of strip intercropping. 
If moisture was a limiting factor during much of this study, perhaps management was as 
well. This is not to accept fault on behalf of anyone who worked with the project. The reality 
was that we were all in the early stages of learning about a complex and management-intensive 
cropping system. We were asking our equipment for a level of precision that it was incapable 
of in some cases. Buried benchmarks and field flags did not guide tractors over plowed ground 
as surely as a previous year's crop stubble guides a ridge-till or no-till planter. As this study 
was coming to an end, I began to encounter Iowa farmers who had solved many of the 
precision-based challenges through reduced tillage systems. Their results appear in 
"Implementation of Strip Intercropping on Six Farms: Yields and Returns" (Exner et al.), on 
page 13 of this dissertation. 
Corn Yields 
Row-by row harvest of com strips indicated a mixed performance for strip outer rows 
(Table 18). At NERC rows 1 and 6 clearly overyielded in 1986 and 1988. In 1987, rows 2 
and 5 were the highest yielding rows. In 1989, row was not a significant factor in com yield at 
NERC. At LHF, outer row yields were negative compared to strip centers in 1989, and there 
was a nonsignificant tendency in the same direction in 1988. Site row means obscure this 
annual variability. Overall, row yields at NERC showed a significant positive border effect, 
while overall row yields at LHF gave a significant negative border effect. Combined analysis 
of all site years resulted in no significance for the row factor. 
Table 18. Com yields by row for NERC (1986-1989) and LHF (1988-1989). 
Com Row 
1 2 3 4 5 6 
Site Year Bushels per Acre — Pr > Ft 
NERC 1986 156.1 127.6 126.8 125.6 128.4 160.4 0.0001 
NERC 1987 14L9 147.9 139.1 138.7 144.9 141.5 0.0007 
NERC 1988 80.6 71.8 73.1 78.5 77.6 85.6 0.0001 
NERC 1989 81.8 76.6 72.9 77.6 81.3 87.5 0.2990 
LHF 1988 52.8 67.7 78.3 77.5 71.2 61.7 0.3314 
LHF 1989 112.0 114.6 120.3 118.9 111.2 88.6 0.0016 
NERC overall 119.7 107.3 103.4 105.4 108.7 120.5 0.0001 
LHF overall 78.2 92.4 100.1 98.8 92.0 74.6 0.0399 
Both Sites Together 107.9 102.8 102.4 103.4 103.5 107.4 0.8634 
t Error rates were derived from separate analyses by site-year, by site, and over site-years. 
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While crop rotation may have affected overall strip com yields, it was difficult in these 
trials to distinguish the effect of rotation from the possible effects of crops in the neighboring 
rotations. At NERC com in every strip was bordered on one side by a crop in the same 
treatment and on the other side by a crop firom a different treatment. At LHF the same 
situation was true in 1988 for all treatments except the com-soybean rotation. Whereas at 
NERC, the crops bordering com were usually forage legumes with or without small grains, at 
LHF soybeans was also a bordering crop. For purposes of analysis, crops bordering com were 
categorized as: 1) soybeans; 2) sole-seeded alfalfa; or 3) small grains with a forage legume 
(alfalfa, sweetclover, or red clover). 
A possible additional influence on the yields of com was that of the east (row 6) versus the 
west (row 1) border position. Conveniently, at LHF there was an equal number of replications 
with com west of soybeans and east of forage legumes and replications with com east of 
soybeans and west of forage legumes. The yield of com borders was expressed as the 
difference from the yield average of central rows 3 and 4. These yield differences were 
analyzed for the effect of strip position (row) and category of bordering crop. Table 19 
presents yield differences by site, row, and border crop. 
At LHF, Row Number did not play a significant role in the yield of com borders relative 
to strip centers; at NERC, Row was significant at an error rate of 0.0267. There was a 
significant Row x Border Crop interaction at LHF, where row 1 com next to forage legumes 
performed poorly while row 6 com next to the same crop yielded well. Even averaging in the 
poor performance of row 1 com next to forage legumes, com at LHF that grew next to forage 
legumes (alfalfa) suffered less yield reduction than corn next to soybeans or a small grains-
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Table 19. Border row com yield differential from strip center by site. 
Border Crop 
Site Number Forage Legume Small Grain/Legume Soybean Pr > F 
— yield difference from strip center (bu/acre) 
LHF 1 -19.9 0.2 -26.0 0.6765 t 
LHF 6 27.6 -11.8 -36.4 0.0089 t 
NERC 1 6.8 19.3 0.2 0.0267 t 
NERC 6 12.2 20.9 6.8 0.5183 t 
LHF overall -0.6 a § -5.3 a -31.8 b 0.0001 
NERC overall 9.6 b§ 20.1 a 3.8 c O.OOOl 
NERC, Stand covariate. 10.0 18.8 6.6 0.0001 
least square means 
All Site Years 8.5 b § 14.9 a -14.6 c 0.0001 ^ 
t Error rate for Row. t Error rate for Row x Border Crop. 
§ Duncan multiple range tests within table row. j Site x Border Crop Pr > F = 0.0001 
forage legume combination. At NERC the yield of com borders relative to strip centers was 
positive for all three types of neighboring crops but least positive for com next to soybeans. At 
both sites, border crop was a highly significant factor in the relative yield of com on the strip 
edges. Those border crops rank differently at the two sites, however. Combining all site-
years, border crops ranlc: small grains-forage legume > forage legume > soybeans. 
As mentioned, diese experiments were not designed to distinguish row side and border 
crop effects on com yield. Consequently the effects are confounded and the data unbalanced in 
this regard, and results should be considered suggestive only. Management of the strips 
affected their border performance in a number of ways. For example, primary and secondary 
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tillage affected crop stand by the amount of residue near the surface at planting and by 
occasional actual removal (especially at LHF) of com plants through cultivation of neighboring 
soybeans (and vice versa, an occurrence also noted by Garcia-Pr^chac, 1991). Table 19 also 
shows the effea of using crop stand as a covariate in the analysis of com yield at NERC 
(comparable data not available from LHF). The least square means from this method differ 
moderately fi'om com performance unadjusted for crop stand in those border rows. 
An important additional management effect was strip placement. As mentioned earlier, 
our use of primary tillage required that strips be re-measured from benchmarks every year. In 
practice, it was difficult to place strips precisely by this method. For example, in 1988 at LHF, 
com yield in strip borders differed dramatically between the eastem and westem replications in 
the experiment (Table 20). Row 6 (east) yielded poorly in reps 2 and 4, while row 1 (west) 
yielded poorly in reps 1 and 3. 
Table 20. LHF 1988 com yields by row for even- and odd-numbered replications. 
Cora Row 
Replication ^ ^ ^  
Group — Bushels per Acre — 
Odd-Numbered 35.1 75.1 74.7 76.7 69.4 84.1 
Even-Numbered 70.6 60.3 82.0 78.2 72.9 39.2 
This could be a random event. Altematively, forage legumes (which were the crop next to 
the low-yielding rows) might have been much more competitive neighbors than soybeans in this 
dry site-year; however, equally dry years at NERC did not exhibit this yield pattern. Recent 
investigation (M. Ellsbury, 1996, personal communication) suggests that larvae of the corn 
rootworm (Diabrotica spp.) can migrate short distances from a previous year's com to infect 
the border com of the neighboring strip. However, the low-yielding borders in this case were 
next to previous-year soybeans, not com. One suspects that strips in these groups of 
replications were simply mis-measured from their respective benchmarks at the start of the 
year. The consequence would have been border com rows that were effectively in a different 
rotational sequence than the rest of the com strip. Data from the different nitrogen rates do not 
make it clear that this was the case, but it cannot be discounted. 
Table 21 shows com yield response to rotation, nitrogen rate, and rotation x nitrogen rate 
interaction. Rotational effects are treated in "Economics of Simulated Crop Rotations in Iowa 
in a Stress Period," (Exner and Cmse, page 39 of this dissertation). The lack of response to N 
fertilizer at NERC in 1988 and 1989 is probably attributable to the drought conditions that 
depressed com yields overall in those years. Response to nitrogen was weak, even when 
statistically significant, in all site-years except NERC in 1986. This, the fact that there was a 
total of only four N treatments, and the relatively modest maximum rates I used all made it 
difficult to determine optimum nitrogen fertilizer rates, to characterize the yield responses of 
different rotational treatments, or to distinguish between the optimum N rate for yield and that 
for grain nitrogen accumulation. 
Figures 10-15 show how, for each of the six site-years, grain nitrogen concentration, grain 
yield, and grain N yield were distributed across N fertilizer levels, rotational treatments, and 
rows. Despite the problems stemming from design, management, and weather, these figures 
corroborate observations made previously. For example, the advantage of border rows 1 and 6 
at NERC in 1986 is evident across nitrogen levels both in com yield and grain N yield. 
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Table 21. Rotation and nitrogen rate and their interaction effects on com yield and grain N 
concentration for all site-vears. 
Site Year Rotation Nitrogen Rate Rotation X Nitrogen 
Yield N% Yield N% Yield N% 
Pr > F 
NERC 1986 0.0128 0.0581 0.0001 0.0001 0.0042 0.0002 
1987 0.0214 0.6227 0.0001 0.0001 0.5537 0.8066 
1988 0.0001 0.0408 0.3671 0.0007 0.2671 0.9933 
1989 0.0001 0.0005 0.1872 0.0001 0.0005 0.0179 
Overall 0.0125 0.0007 0.0001 0.0001 0.0102 0.1518 
LHF 1988 0.2736 0.0651 0.0126 0.0004 0.9935 0.5845 
1989 0.0034 O.OOOl 0.0001 0.0001 0.7381 0.7777 
Overall 0.0387 0.0226 0.0015 0.0001 0.8004 0.7206 
The apparent yield and N concentration advantage of com in the SB rotational treatment in 
1986 at NERC can be discounted, since 1986 was the establishment year for the trial and 
because N rates that year were greater in the SB treatment than other treatments. However, SB 
com also yielded more than com in the other treatments at NERC in 1989. There may have 
been differential soil moisture use by the crops into which com was rotated in 1989, a 
phenomenon reported by Garcia-Prdchac (1991). 
Grain yield was not significantly affected by nitrogen rate at NERC in 1988 and 1989, but 
Figures 12 and 13 and Table 21 show that grain N concentration did respond to nitrogen 
fertilizer in those site-years. These were site-years in which drought limited the yield potential, 
or sink size, of the crop. It may be that yield potential was limited more than was the ability of 
the com to move nitrogen to the ear. This recalls the comment by Sander et al. (1987) that 
yield and protein concentration are often found in an inverse relationship. It is also consistent 
with reports that the maxima for grain yield response and grain N concentration do not always 
occur at the same rate of applied nitrogen. 
NERC in 1989 is the clearest case of grain N response in the absence of yield response to 
N. Figure 13 also shows that two rotational treatments, AH2 and AH4, demonstrated greater 
grain N concentrations than other rotations at all four rates of fertilizer nitrogen. The 
concentration difference was largely limited to the central rows of com strips, however. Grain 
N concentration in the border rows of these two treatments descended to nearly that of the other 
treatments. Neither was there a clearly inverse relationship to yields here; border rows of corn 
in AH2 overyielded modestly, as did the east row of AH4 com, but the west row of AH4 
yielded 7 bu less than the neighboring row. At LHF in 1989, the AH4 and COO rotational 
treatments exhibited a similar pattern of grain N concentration. However, there was little 
suggestion of accompanying overyielding at the strip borders. And unlike NERC in 1989, 
LHF-1989 was not a drought situation. 
These observations suggest a rotation effect, but the data available do not explain the 
dynamics involved. In these treatments, in the strip centers, com grain N concentration 
behaved as if the plants had received additional N fertilizer. Table 22 confirms that, in these 
site-years and treatments, com was indeed preceded by a considerable legume N plowdown. If 
it was this green manure nitrogen that the com responded to, it is consistent that the difference 
appeared in grain N concentration since that parameter also showed a clear response to 
fertilizer nitrogen. 
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Table 22. Nitrogen content of forage legume whole-plant samples dug in late fall at NERC 
and LHF. 
Rotational Treatment 
Site Year AH2 AH4 AOO COO WCO 
— Nitrogen content (lb per acre) — 
NERC 1987 99 60 65 53 
NERC 1988 139 104 7 4 
NERC 1989 140 119 55 91 
NERC Overall 126 94 42 49 
LHF 1988 93 102 0 
LHF 1989 146 82 115 
LHF Overall 120 92 58 
Soybeans 
Table 23 shows yields of soybeans by site and year for crop strip borders and centers 
(average of rows 3 and 4). Row position was always a significant factor in soybean yield, with 
strip borders yielding 1-21 bu per acre less than strip centers. Table 24 presents border yield 
data as differentials from strip centers and in terms of neighboring crop category and east-
versus-west side of the strip. Of course, at NERC, com was the only crop bordering 
soybeans. Overall at LHF, border crop was not a significant determinant of soybean yield if 
treatment was also in the model; however, there was significant year x border crop interaction 
(Pr > F = 0.0010). 
Border row under-yielding was greater at NERC than LHF (although similar on a 
percentage basis). At both sites row 6 (east) yielded somewhat less than row 1 (west), both in 
terms of raw yields (Table 23) and yield corrected for border crop (Table 24). The difference 
between the two border rows was significant at NERC but not at LHF. This is consistent with 
the observation of Pendleton et al. (1963) that in north-south strips, soybeans typically yield 
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Figure 11. Com grain yield, grain nitrogen concentration, and N yield at NERC in 1987. 
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Figure 12. Com grain yield, grain nitrogen concentration, and N yield at NERC in 1988. 
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Figure 14. Com grain yield, grain nitrogen concentration, and N yield at LHF in 1988. 
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Figure 15. Com grain yield, grain nitrogen concentration, and N yield at LHF in 1989. 
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Table 23. Soybean yield by site-year and position within strip at NERC and LHF. 
Site / Year 
1986 NERC 
1987 NERC 
1988 LHF 
1988 NERC 
1989 LHF 
1989 NERC 
LHF overall 
NERC overall 
Location in N-S Strip 
West Border Center East Border 
(row 1) (avg. rows 3, 4) (row 6) 
— Bushels per Acre @13% moisture — 
51.0 
25.1 
9.6 
18.5 
22.8 
25.1 
53.1 
46.5 
10.9 
28.0 
34.3 
32.6 
45.0 
25.2 
9.4 
16.8 
19.6 
20.0 
15.5 
29.9 
21.9 
40.0 
14.3 
26.8 
Strip Row Effect 
within Table 
Row 
(Pr > F) 
0.0124 
0.0001 
0.0188 
0.0006 
0.0001 
0.0001 
0.0001 
0.0001 
Table 24. Border row soybean yield differential from strip center by site and year. 
Border Crop 
Site / Year Row Forage Legume Small Grain/Legume Corn 
Number 
— yield difference from strip center (bu/acre) 
NERC t 1 -10.1 
NERC t 6 -13.3 
LHFt 1 -11.1 -8.9 -6.6 
LHFt 6 -6.4 -7.6 -7.8 
LHF 1988 § 0.3 -2.1 -1.3 
LHF 1989 § -21.6 -16.9 -12.0 
LHF1 overall -9.1 a# -8.2 a -7.2 a 
t NERC Row Pr > F = 0.0054 (row 1 versus row 6). 
t LHF Row X Border Crop interaction Pr > F = 0.3534. LHF Row Pr > F = 0.6286. 
§ LHF Year X Border Crop interaction Pr > F = 0.0010. 
5 Border Crop Pr > F = 0.0059. (Reduced to 0.0994 if Treatment is added to the model.) 
# Duncan multiple range test within table row. 
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better on western strip edges than on eastern edges. The often-cited explanation is that 
soybeans just east of com are shaded from the desiccating effects of the afternoon sun. 
However, Table 23 also makes clear that the greatest difference between rows I and 6 occurred 
in NERC-1986 and LHF-1989, the two site years enjoying the most adequate April-November 
precipitation. The observation is offered here that in these two moist growing seasons, 
soybeans in row 6, just west of com, remained wet with dew well into the morning, while 
soybeans in row 1 experienced the drying effect of sunlight much earlier. Leaf diseases could 
have been an intervening variable affecting soybean yields at specific strip positions in these 
two site-years. 
Small Grains 
Table 25 provides grain and straw yields by harvest position for each site-year except 
LHF-1988, in which only strip centers were harvested due to management problems at the 
borders. There was overyielding at both borders, although not without exception. Grain at the 
western border of the strips yielded more than grain at the eastern border in three out of five 
site-years. Harvest location was significant at the 95 percent confidence level only in NERC-
1988. Harvest position was significant for straw yield in two site-years, once favoring the 
eastern strip border and once the western edge. Even with two subdeterminations per 
experimental unit, there was too much variability in the data to draw strong conclusions as to 
the most favorable location. Overall, there was modest and statistically insignificant 
overyielding in the borders of oats and winter wheat strips. There was no suggestion that small 
grains yields were affected by competition from neighboring com or soybeans. Removal of 
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Table 25. Small grains yield of grain and straw by site-year and position within strip. 
Location in N-S Strip Location Effect 
within Table 
Site / Year West Border Center East Border Dr..., 
— Bushels per Acre Grain @13% moisture — (Pr > F) 
Tons per Acre Straw — 
1986 NERC 79.1 72.0 72.3 0.2657 
(straw) 1.48 1.38 1.43 0.2424 
1987 NERC 89.6 82.7 85.4 0.3514 
(straw) 1.20 1.10 1.30 0.1163 
1988 LHF — 51.3 — N/A 
(straw) — 0.83 — N/A 
1988 NERC 70.0 72.6 75.9 0.0411 
(straw) 0.86 0.93 0.99 0.0001 
1989 LHF 87.2 84.0 88.3 0.7528 
(straw) 1.71 1.83 1.77 0.5955 
1989 NERC 120.8 116.4 113.6 0.0525 
(straw) 2.10 2.23 2.06 0.0296 
NERC overall 89.1 85.2 86.1 0.4224 
(straw) 1.40 1.39 1.43 0.5521 
plants at the borders through mechanical cultivation of neighboring strips frequently 
compromised the integrity of small grains strips, particularly at LHF. 
Forage Legumes 
Table 26 gives total legume hay harvest by location within strip, site-year and treatment 
within site, as well as hay harvest for each cutting by location. Harvest location was significant 
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Table 26. Total season hay harvest by site-year or cutting and position within strip. 
Location in N-S Strip Location Effect 
Site / Year West Border Center East Border 
within Line 
(Pr > F) 
Tons per Acre @12% moisture 
1986 NERC L16 1.31 1.09 0.0342 
1987 NERC L68 1.86 1.73 0.0133 
1988 LHF L24 1.25 1.37 0.1250 
1988 NERC 0.51 0.74 0.63 0.0138 
1989 LHF 2.67 2.65 2.48 0.0292 
1989 NERC 2.49 2.43 2.65 0.0343 
All Site-Years 1.55 1.66 1.61 0.0600 
Site / Trt 
AH2NERC 
AH4 NERC 
1.27 
1.63 
1.36 
1.79 
1.33 
1.70 
0.0028 
AH2 LHF 1.95 1.95 1.92 0.7733 
Cutting # ^ 
1 0.70 0.75 0.80 0.0105 
2 0.77 0.81 0.76 0.0471 
3 0.59 0.64 0.58 0.0306 
Cutting 0.71 0.75 0.73 0.0566 
Overall 
^ Cut X Location Pr > F = 0.0203 
at all but one site-year; however, in analysis over all site-years, harvest location was not 
significant at the 95 percent level of confidence (Pr > F = 0.0600). The overall trend was for 
moderate under-yielding at strip borders, but individual site-years and harvests diverged from 
this pattern. 
Location was significant at each cutting, but the yield pattern varied. The second and third 
cuttings exhibited under-yielding at strip borders. However, the first cutting showed under-
yielding at the west border and over-yielding at the eastern edge. The first cutting of hay was 
generally made in June, before the hottest and driest summer weather. For strips bordered by 
com, as was the case at NERC and half the time at LHF, the east strip margin would intercept 
more sunlight in the afternoon, when temperatures and plant biological processes were at a 
maximum. This exposed location would become more of a liability for hay production later in 
the summer as conditions grew drier. 
Discussion 
This study confirmed observations made in earlier and subsequent research and perhaps 
contributed a few additional ones; 
• Com borders over-yielded relative to strip centers at NERC but not at LHF. 
• At both sites, border corn next to soybeans yielded less than com next to forage legumes 
with-or-without small grains. This was especially true at LHF and could have been 
management related. However, the observation is consistent with the hypothesis of a 
three-crop system advantage stemming from greater spatial and temporal diversity than 
that found in corn-soybean strip intercropping. 
• Com yields responded to nitrogen fertilizer in four of six site-years. April-November 
precipitation was much below normal in the site-years with no response to nitrogen. 
• Soybean borders under-yielded, with a tendency to smaller yields in the eastern strip border 
than the west border and smaller yields bordering forage legumes than bordering corn. 
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Again, yields recorded bordering com could have reflected border management; however, 
the observation is inconsistent with the above hypothesis relating to diversity. 
Small grains tended to over-yield modestly at strip borders. The effect was significant in 
some site-years but not overall for the experiment. There was no evidence small grains 
yields were inhibited by competition from neighboring com and soybeans, consistent with 
the low degree of temporal concurrence in these two crop categories. 
Alfalfa borders tended to under-yield relative to strip centers. The exception was the strip 
east border at the first cutting of hay. Sunlight and warmth at this location may have been 
more positive at the first cutting than for subsequent hay harvests. 
In drier than normzil conditions, com following small grains/forage legumes sometimes 
performed more poorly than com following soybeans. Other research has pointed to soil 
moisture differences. 
Com grain nitrogen concentration responded to nitrogen fertilizer in some cases where 
grain yield did not. In some droughty situations, the effect of green manure plowdown 
was not reflected in com yield but was evident in grain N concentration. 
When specific rotational treatments exhibited increased com grain nitrogen concentration, 
the differences were consistent with green manure nitrogen plowed down previous to corn. 
These differences were most pronounced at strip internal positions and least evident at the 
borders of the com strips. 
As noted, I could determine no consistent relationship between corn grain nitrogen 
concentration and com yield. 
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GENERAL CONCLUSIONS 
Intercropping on Farms 
Strip intercropping trials conducted by six farmer cooperators over three years (1992-
1994) gathered information on implementation on working farms. Labor requirements of strip 
systems were not greater than in typical cropping systems utilizing whole-field blocks of 
individual crops. In fact, per-acre labor costs averaged nearly the same in three-crop strips as 
in the three-crop "field block" systems (planting pattern comparison). Strip labor costs were 
13% less than those of two-crop field blocks (systems comparison), partly due to less labor 
invested in the third-year oats/legume than in com and soybeans. 
For the four farms contributing to the planting pattern comparison, three-crop strips 
averaged over three years showed a $3.74 per acre greater net profit than did three-crop field 
blocks. Average net profit was greater in strips in two years out of three (1992 and 1993). 
Soybeans and oats were more profitable in strips than field blocks in the same two years, 
whereas stripped corn averaged more profitable than field block com all three years. 
For the two farms participating in the systems comparison, the three-crop strip systems 
averaged more profitable than two-crop field block systems two years out of three (1993 and 
1994). Com and soybeans always yielded greater net profit per acre in strips than field blocks, 
but the margin was not always great enough to overcome the poorer performance of the small 
grains/forage legume strips. In the systems comparison net profit averaged nearly $15 greater 
in strips than in field blocks. 
In each of the three years of the study, strip Intercropping on these six farms averaged net 
profits comparable to those of other Iowa producers using the Crop Enterprise Record (CER) 
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system on non-stripped com and soybeans in rotation. Net profit for soybeans was much 
higher in strip intercropping than on these other farms. Unlike most Iowa producers at the 
time, the six cooperators did not include federal price supports as income in intercropped com. 
Not only was average net profit greater in strip intercropping than cropping in field blocks 
for the six cooperators, there tended to be less variability of profit in strips ($31.25 per acre 
versus $37.10 standard deviation). Plotting cumulative distribution of net profit for the two 
systems showed that strip intercropping was somewhat less likely to yield a very unfavorable 
economic outcome than was cropping in field blocks (second degree stochastic dominance). 
The nonsignificant trend was for a degree of risk reduction from strip intercropping in these 18 
site-years. 
Economics of Rotations 
In six site-years with strip intercropping at the Northeast Research Center (NERC) and 
Living History Farms (LHF), the crop rotation aspect of treatments was isolated from strip 
effects. The agronomic and economic performance of these treatments was affected by the 
precipitation deficit experienced in four of the six site-years and probably by less-than-perfect 
management. The most profitable (or, in some years, least unprofitable) crop rotations were 
those that included, besides corn and soybeans, a year of small grains. The small grains 
generated revenue from grain and straw sales, and it served as a nurse crop for establishment 
of a green manure forage legume. Other three-year rotations, in which sole-seeded forage 
legumes were managed for hay harvest, never generated sufficient income to recapture 
establishment cost. Perhaps with normal moisture the corn-soybean rotation (without federal 
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support payments) would have been superior, but under these moisture deficient conditions, 
three-year rotations that included small grains provided the best returns. 
Border and Nitrogen Effects 
Averaged over four years, com at NERC exhibited over-yielding at both the east (row 6) 
and west (row 1) strip borders; however, in one of those years (1987), rows 2 and 5 actually 
were the overyielding rows, and in 1989 there was no statistically significant difference among 
row yields. At NERC, east border corn rows yielded significantly more than west border 
rows, consistent with Pendleton et al. (1963). At LHF, overall, the border com rows 
significantly under-yielded compared to the strip interiors, but there was no statistically 
significant difference between the two border yields. The category of neighboring crop 
affected com yields at strip borders, but not in precisely the same manner at each site. At 
NERC com yields at the border were in the order: small grain/forage legume > sole-seeded 
forage legume > soybeans. At LHF border com yields were ordered; sole-seeded forage 
legume > small grain/forage legume > soybean. The experiment was not designed to draw 
out this information regarding the effect of neighboring crops, so the results are merely 
suggestive. However, they are consistent with the hypothesis that the insertion of a year of 
small grains and/or forage legumes in a com-soybean strip intercrop, by improving the spatial 
and temporal diversity of the system, increases productivity. Soybeans in three-crop strips 
yielded essentially the same as those grown in sole-crop field blocks by the six cooperating 
fanners, an outcome that would be highly unusual in two-crop, com-soybean strips. On the 
other hand, there was a nonsignificant tendency at LHF for soybeans bordering corn to yield 
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less than soybeans next to small grains with or without a forage underseeding, although the 
study was not designed to identify those differences. Management and weather are frequently 
intervening variables in such discussions of intercrop design and efficiency. 
Com responded strongly to nitrogen fertilizer only in 1986 at NERC, and in two site-years 
(1988 and 1989 at NERC), there was no significant response to added N at all. Grain N 
concentration consistently responded to nitrogen fertilizer. There were significant com yield 
differences among rotational treatments in five of the six site-years. In 1989 both NERC and 
LHF showed strong differences in grain N concentration among treatments that suggested some 
N contribution from forage legumes. 
Soybean yields were reduced at both strip borders relative to strip interiors. At NERC, 
soybeans on the west strip edges yielded 3.2 bushels per acre better than soybeans on the east 
strip edges, statistically significant and consistent with the observation of Pendleton et al. 
(1963). A similar difference of 1.2 bushels per acre at LHF was not significant. Border crop 
was not a statistically significant determinant of soybean yields, although there was a weak 
tendency for soybeans to yield better next to com than next to sole-seeded forage legumes. 
Overall, small grains were not consistently affected by position within the strip, nor were 
associated straw yields. Individual site-years (NERC 1988 and 1989) did show significant 
positional differences. The trend was for moderate overyielding of grain at strip border 
positions. Border effects of small grains may have been underestimated, since those borders 
were among the most difficult to maintain intact during mechanical operations in neighboring 
strips. 
Hay harvests tended to be slightly smaller at strip borders than in the center of strips 
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(Pr>0.06), although in individual site-years one border or the other sometimes over-yielded. 
First cuttings, however, gave higher yields at the east strip border than in the center or the west 
border. Reduced moisture stress in early summer may have allowed the crop to take early 
advantage of that microenvironment. 
Rotations and Strip Intercropping 
Data from NERC and LHF experiments indicate a consistent and marked decline in 
soybean yield at strip borders. The crop neighboring soybeans at NERC was com, while the 
neighboring crop at LHF was, variously, com or a forage legume with/without a small grain 
nurse crop. There was indication at LHF that com was somewhat less negative for soybeans 
than the other border crops were, notwithstanding that the experiment was not primarily 
designed to detect such differences and that management of strip borders at LHF was 
problematic. 
Border integrity was considerably better among the six farmers who compared strip 
intercropping to cropping in single-crop blocks, and they generally experienced no yield 
reduction in stripped soybeans relative to field block soybeans. Over the 12 site-years of the 
planting pattern comparison, intercrop soybeans yielded 44.4 bushels per acre, and field block 
soybeans yielded 44.5. In the 6 site-years of the systems comparison, intercrop soybeans 
yielded 45.5 bushels per acre, while field block soybeans in the two-year rotation yielded 44.3. 
Intercropped soybeans in the systems comparison may have benefitted from an additional 
rotation effect compared to soybeans in the two-year rotation of field blocks. Additionally, all 
the on-farm intercropped soybeans could have benefitted from microenvironmental effects 
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(e.g., wind barrier, additional available sunlight after oats harvest) that would not have been 
distinguished without row-by-row harvests on these farms. The on-farm and the on-station 
soybean data, though they appear to conflict, may both be valid within their respective 
management contexts. 
Whether through management or choice of crop rotation, the six cooperating farmers 
demonstrated that, at least from a production standpoint, strip intercropping can be better than a 
zero-sum contest in which one crop's gain comes at another's loss. The overall outcome was 
also positive economically, with moderately enhanced net profit and income stability. This 
result is all the more impressive given the recent poor economic record of oats in the Midwest. 
In order to capture the full benefit of three-crop strip Intercropping, producers need to have on-
farm uses for small grains and straw that will allow them to bypass the usually-unfavorable 
market in years in which grain yields are poor. In short, they need to have livestock. Results 
from NERC and LHF suggest crop rotations that include small grains can also compare well 
economically in moisture-deficit conditions. 
The Future of Strip Intercropping 
Strip intercropping is seen by some as a way to maintain productivity while increasing 
biodiversity and soil conservation. Others see primarily the productivity and economic 
benefits. The work described here is part of an effort to improve our ability to manage the 
systems. Having mastered strip placement, farmers and scientists are turning to weed and 
insect management, two topics that are not unrelated. Those involved may decide that, 
notwithstanding the rule-of-thumb that diversity increases stability, there are specific situations 
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in which pest insect and weed potential is in fact increased by strip intercropping. If this is so, 
it remains to be seen whether these problems can be addressed in ways that utilize the dynamics 
of these agroecosystems - or require outside inputs on a level equal to or greater than that of 
conventional cropping. One hopes solutions are in hand by the next upswing of interest in strip 
intercropping. 
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APPENDIX A. CROP ENTERPRISE RECORD SUMMARIES FROM 
1992-1994 BY CROP AND CROPPING SYSTEM FOR SIX FARMER 
COOPERATORS 
Table 27. CER data by year and crop. System Comparison 
1992 Com Faiml Farm 2 Farm 1 
Unit name or numl)er Strip Block Strips Block Strip BlocI' 
Type of land tenure Cash Rent Cash Rent Cash Rent Cash Rent Share Share 
Planted acres 3.0 5.0 1.8 2.7 2.1 1.2 
Diverted acres 0.0 0.0 0.0 0.0 0.0 0.0 
Harvested yield, bu, ton/a 227.0 187.0 137.7 177.8 92.6 91.1 
Gross crop income, $/acre $419.95 $345.95 $265.76 $343.15 $171.31 $168.54 
Economic costs 
-Inputs, $/acre $76.21 $85.69 $75.49 $95.38 $77.29 $77.04 
-Land, $/acre $122.70 $122.70 $100.00 $100.00 $40.15 $41.47 
-Machinery, $/acre $20.06 $18.59 $42.04 $61.24 $53.63 $52.92 
-Labor, $/acr8 $7.57 $6.94 $28.30 $28.30 $19.44 $19.11 
-Miscellaneous, $/acre $2.68 $2.68 $0.00 $0.00 $3.25 $3.25 
Total economic costs, $/acre $229.22 $236.60 $245.83 $284.92 $193.76 $193.79 
Profit and management return, $/acre $190.73 $109.35 $19.93 $58.23 ($22.45) ($25.25) 
Operator's share of gross income, $/acr8 $419.95 $345.95 $265.76 $343.15 $85.66 $84.27 
Operator's share of total costs, $/acre $229.22 $236.60 $245.83 $284.92 $108.10 $109.52 
Gross income per bushel or ton, $/bu, ton $1.85 $1.85 $1.93 $1.93 $1.85 $1.85 
Total cost per bushel or ton, $/bu, ton $1.01 $1.27 $1.79 $1.60 $2.09 $2.13 
Profit and management return, $/bu.,ton $0.84 $0.58 $0.14 $0.33 ($0.24) ($0.28) 
Retum on total capital investment, % 79,0% 43,7% 15.9% 40.1% -5.6% -7.4% 
Return to unpaid labor, $/hour $10,23 $18.34 ($3.21) ($5.01) 
Total cash flow requirement, $/acre $220.44 $228.55 $217.53 $256.62 $75.06 $74.62 
Cash flow required, $/bushel or ton $0.97 $1.22 $1.58 $1,44 $1.62 $1.64 
Planting Pattern Comparison 
Farm 2 Farm 3 
Strip Block Strip Block 
Fami4 
Strip Block 
Owned Owned 
21.5 98.5 
0.0 0.0 
158.0 140,0 
$341.86 $307.66 
Cash Rent Cash Rent 
4.0 3.5 
0.0 0.0 
179.0 175.0 
$331.15 $323.75 
Owned Owned 
2.0 5.6 
0.0 0.0 
173.9 157.5 
$347.80 $315.00 
$64.78 $59.33 
$90.00 $90.00 
$29.48 $28.61 
$21.58 $21.58 
$2.37 $2.37 
$208.21 $201.90 
$133.65 $105.76 
$341.86 $307.66 
$208.21 $201.90 
$2,16 $2.20 
$1.32 $1.44 
$0,85 $0,76 
17.6% 15.5% 
$79.82 $65.38 
$104.53 $91.45 
$87.14 $87.14 
$87.53 $86.84 
$47.46 $46.19 
$1.99 $1.99 
$328.66 $315.61 
$2.49 $8.14 
$331.15 $323.75 
$328.66 $315,61 
$1,85 $1.85 
$1.84 $1.80 
$0.01 $0.05 
7.6% 9.3% 
$8,11 $9.10 
$101.29 $88.55 
$100.00 $100.00 
$60.54 $60.93 
$29.96 $29.97 
$1.52 $1.52 
$293.32 $280.97 
$54.48 $34.03 
$347.80 $315.00 
$293.32 $280.97 
$2.00 $2.00 
$1.69 $1.78 
$0.31 $0.22 
11.2% 10.0% 
$52.81 $39.74 
$139.38 $133,06 $211.69 $201.37 $260.06 $254.77 
$0.88 $0.95 $1.18 $1.15 $1.50 $1.62 
Table 26. CER data by year and crop. System Comparison 
1992 Small Grains Faiml Farm 2 Farm 1 
Unit name or number Strip Strip Strip Block 
Type of land tenure Cash Rent Cash Rent 
Planted acres 3.6 1.8 3.3 3.3 
Diverted acres 0.0 0.0 0.0 0.0 
Harvested yield, bu, ton/a 79.0 75.2 51.6 51.6 
Gross crop income, $/acre $187.70 $149.65 $103.20 $103.20 
Economic costs 
-Inputs, $/acre $9.25 $8.74 $33.28 $33.28 
-Land, $/acre $122.70 $100.00 $34.96 $34.96 
-Machinery, $/acre $14.01 $38.48 $6.40 $6.40 
-Labor, $/acre $7.58 $16.98 $3.06 $3.06 
-Miscellaneous, $/acre $2.68 $0.00 $3.25 $3.25 
Total economic costs, $/acre $156.22 $164.20 $80.94 $80.94 
Profit and management retum, $/acre $31.48 ($14.55) $22.26 $22.26 
Operator's share of gross income, $/acre $187.70 $149.65 $51.60 $51.60 
Operator's share of total costs, $/acre $156.22 $164.20 $29.34 $29.34 
Gross income per bushel or ton, $/bu, ton $2.38 $1.99 $2.00 $2.00 
Total cost per bushel or ton, $/bu, ton $1.98 $2.18 $1.57 $1.57 
Profit and management retum, $/bu.,ton $0.40 ($0.19) $0.43 $0.43 
Retum on total capital investment, % 18.0% -24.8% 20.9% 20.9% 
Retum to unpaid labor, $/hour ($313.50) $0.86 $87.98 $87,98 
Total cash flow requirement, $/acre $147,42 $147.22 $17.54 $98.60 
Cash flow required, $/bushel or ton $1.87 $1.96 $0.68 $1,22 
Planting Pattern Comparison 
Faim 2 Fatm 3 
Strip Block Strip Block 
Faim4 
Strip Block 
Owned Owned 
21.5 7.5 
0.0 0.0 
81.0 70.0 
$171.50 $165.00 
Cash Rent Cash Rent 
4.5 2.0 
0.0 0.0 
100.0 105.0 
$235.00 $241.75 
Owned Owned 
2.0 3.0 
0.0 0.0 
63.4 63.4 
$235.00 
$16.50 $16.00 $27.32 $33.86 $44.13 $44.14 
$90.00 $90.00 $85.16 $85.16 $100.00 $100.00 
$59.83 $63.86 $70.84 $71.18 $96.04 $96.04 
$58.97 $62.95 $38.09 $38.29 $52.08 $52.08 
$2.37 $2.37 $1.99 $1.99 $1.52 $1.52 
$227.67 $235.18 $223.41 $230.48 $293.77 $293.78 
($56.17) 
$171.50 
$227.67 
$2.12 
$2.81 
($0.69) 
3.9% 
($0.08) 
$136.73 
$1.95 
($70.18) 
$165.00 
$235.18 
$2.36 
$3.36 
($1.00) 
2.9% 
($1.89) 
$99.71 
$1.42 
$11.59 
$235.00 
$223.41 
$2.35 
$2.23 
$0.12 
10.7% 
$10,13 
$144,44 
$1.38 
$11.27 
$241.75 
$230.48 
$2.30 
$2.20 
$0.11 
10.5% 
$10.05 
$210.85 
$3,33 
($121.35) 
$172.42 
$293.77 
$2.72 
$4.63 
($1.91) 
$0.01 
($26.63) 
$210.85 
$3.33 
($121.36) 
$172.42 
$293.78 
$2.72 
$4.63 
($1.91) 
$0.01 
($26.63) 
$210.85 
$3.33 
Table 26. CER data by year and crop. System Comparison 
1992 Soybeans Faiml Farm 2 F 
Unit name or number Strip Block Strips Block Strips 
Type of land tenure Cash Rent Cash Rent Cash Rent Cash Rent Share 
Planted acres 3.6 65.0 1.8 2.7 2.1 
Diverted acres 0.0 0.0 0.0 0.0 0.0 
Harvested yield, bu, ton/a 45.0 44.0 48,2 52.2 39.1 
Gross crop income, $/acre $247.50 $242.00 $259.32 $280.84 $209,19 
Economic costs 
-Inputs, $/acre $9.25 $16.35 $19.98 $66.15 $54.12 
-Land, $/acre $122.70 $122.70 $100.00 $100.00 $77.53 
-Machinery, $/acre $14.01 $14.00 $37.56 $56,26 $31.57 
-Labor, $/acre $7.58 $7.57 $28.30 $28.30 $15.08 
-Miscellaneous, $/acre $2.68 $2.68 $0.00 $0.00 $3.25 
Total economic costs, $/acre $156.22 $163.31 $185.84 $250.71 $181.55 
Profit and management return, $/acr0 $91.28 $78.69 $73.48 $30.13 $27.63 
Operator's share of gross income, $/acre $247.50 $242.00 $259.32 $280.84 $104.59 
Operator's share of total costs, $/acre $156.22 $163.31 $185.84 $250.71 $76.96 
Gross income per bushel or (on, $/bu, ton $5.50 $5.50 $5.38 $5.38 $5.35 
Total cost per bushel or ton, $/bu, ton $3.47 $3.71 $3.86 $4.80 $4.64 
Profit and management return, $/bu.,ton $2.03 $1.79 $1.52 $0.58 $0.71 
Return on total capital investment, % 53.5% 44.3% 105.0% 25,9% 24.8% 
Retum to unpaid labor, $/hour $30.38 $26.52 $21,58 $12,39 $29.08 
Total cash flow requirement, $/acre $139.61 $146.71 $157.54 $222,41 $49,44 
Cash flow required, $/bushel or ton $3.10 $3.33 $3,27 $4,26 $2,53 
ml 
Block 
Planting Pattern Comparison 
Famfi 2 Farm 3 
Strip Block Strip Block 
Fam[i4 
Strip Block 
Share 
1.2 
0.0 
Owned 
21.5 
0.0 
Owned Cash Rent Cash Rent 
82.8 
0.0 
4.5 
0.0 
4.0 
0.0 
Owned 
2.0 
0.0 
Owned 
2.3 
0.0 
39.1 47.0 47.0 69.0 62.0 59.8 58,9 
$209.19 $258.50 $258.50 $369.15 $331.70 $322.92 $318.06 
$54.25 $40.60 $39.60 $26.20 $26.20 $54.05 $52.67 
$79.00 $90.00 $90.00 $86.64 $86.64 $100.00 $100.00 
$31.57 $30.04 $30.08 $38.27 $38.33 $53.94 $53.91 
$15.08 $29.61 $29.65 $18.50 $18.54 $29.25 $29.24 
$3.25 $2.37 $2.37 $1.99 $1.99 $1.52 $1.52 
$183.15 $192.62 $191.70 $171.61 $171.70 $238.77 $237.33 
$26.03 $65.88 $66,80 $197.54 $160.00 $84.15 $80,73 
$104.59 $258.50 $258.50 $369.15 $331.70 $322.92 $318.06 
$78.56 $192.62 $191.70 $171.61 $171.70 $238.77 $237.33 
$5.35 $5.50 $5.50 $5.35 $5.35 $5.40 $5.40 
$4.68 $4.10 $4.08 $2.49 $2.77 $3,99 $4.03 
$0.67 $1.40 $1.42 $2.86 $2.58 $1.41 $1.37 
23.7% 12.8% 12.9% 82.9% 67.8% 13.2% 13.0% 
$27.93 $35.45 $35.77 $93.50 $77.07 $73.09 $70.87 
$49.44 $108.75 $107.77 $135.47 $135.49 $208.49 $208.49 
$2,53 $2,31 $2.29 $1.96 $2.19 $3.49 $3.54 
Table 26. CER data by year and crop. System Comparison 
1993 Com Faiml Faim2 I 
Unit name or numtier Strip Block Strip Block Strip 
Type of land tenure 
Planted acres 
Diverted acres 
Harvested yield, bu, ton/a 109.2 
Gross crop income, $/acrB $377.84 
Economic costs 
-Inputs, $/acrs 
-Land, $/acre 
-Machinery, $/acrB 
-Labor, $/acre 
-Miscellaneous, $/acre 
Tola! economic costs, $/acrB 
Profit and managemijnt return, $/acre $130.18 
Operator's share of gross income, $/acre $377.84 
Operator's share of total costs, $/acre $247.66 
Gross income per bushel or ton, $/bu, ton $3.46 
Total cost per bushel or ton, $/bu, ton $2.27 
Profit and managemont return, $/bu.,ton $1.19 
Retum on total capital investment, % 
Return to unpaid labor, $/hour 
Total cash flow requirement, $/acre 
Cash flow required, $/bushel or ton 
Share 
81.0 107.6 
$301.70 $279.76 
$79.67 $69.14 
$122.70 
$32.11 
$11.70 $15.28 
$2.69 $7.31 
$248.87 
$52.83 
$301,70 $279.76 
$248.87 
$3,72 $2,60 
$3,07 
$0,65 
$11.78 
$75,71 
$1.89 
Cash Rent Cash Rent Cash Rent Cash Rent 
3.6 
0.0 
10.0 
0.0 
1.8 
0.0 
2.7 
0.0 
$75.47 
$122.70 
$35.11 
$11.69 
$2.69 
$247.66 
62.1% 27,4% 
$68.42 $31,11 
2,2 
0,0 
97.8 80.3 
$254.28 $259.03 
$107.13 $52.10 
$101.80 
$59.30 
$20.00 $20.32 
$7.31 $3.16 
$236.67 
$22,36 
$254.28 $129.51 
$107.16 
$2,60 $3,23 
$2,95 
$0,28 
21.0% 
Planting Pattern Comparison 
1 Fami2 FannS Fami4 
Block Strip Block Strip Block Strip Block 
Share Owned Owned Cash Rent Cash Rent Owned Owned 
1.1 25.1 80.0 3.8 1.7 2.7 6.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
75.5 64.0 40.0 94.4 90.6 116.1 108.4 
$246.31 $250.62 $190.62 $236.00 $226.50 $345.95 $298.10 
$52.10 $63.37 $59.46 $146.22 $141.90 $56.62 $56.62 
$96.83 $85.00 $85,00 $85.00 $85.00 $100.00 $100.00 
$59.51 $46,89 $47.40 $64.70 $58,76 $58.31 $57.25 
$20.27 $17,09 $17.54 $23.15 $22.00 $8.22 $8.21 
$3.16 $2.69 $2.69 $2.78 $2.78 $1.96 $1.96 
$231.88 $215.04 $212.08 $321.85 $310,46 $225.10 $224.03 
$14.42 $35.58 ($21.46) ($85.85) ($83,96) $120.84 $74.07 
$123.15 $250.62 $190.62 $236.00 $226,50 $345.95 $298.10 
$108,73 $215.04 $212.08 $321.85 $310,46 $225.10 $224.03 
$3,26 $3.92 $4.77 $2.50 $2.50 $2.98 $2.75 
$3,07 $3.36 $5.30 $3.41 $3.43 $1.94 $2.07 
$0,19 $0.56 ($0.54) ($0.91) ($0.93) $1.04 $0.68 
16,7% 10,2% 5,9% -19,3% -19.2% 15.0% 12.1% 
$9.60 $22,16 ($2,72) ($15.97) ($16.58) $62.58 $39,92 
$75.83 $148,56 $144.73 $193.04 $184.43 $228.53 $227,49 
$2.01 $2,32 $3.62 $2.04 $2.04 $1.97 $2,10 
Table 26. CER data by year and crop. System Comparison 
1993 Small Grains Farm 1 Farm 2 Farm 1 
Unit name or number Strip Strip Strip Block 
Type of land tenure Cash Rent Cash Rent Share Share 
Planted acres 3,6 1.8 1,4 1.1 
Diverted acres 0,0 0.0 0,0 0.0 
Harvested yield, bu, ton/a 0,0 37.4 0,0 0.0 
Gross crop income, $/acre $117,00 $138.85 $61,60 $61.60 
Economic costs 
-Inputs, $lacre $13,71 $14.75 $20.14 $20.14 
-Land, $/acre $122,70 $100.00 $20.73 $21.30 
-Machinery, S/acre $6.96 $40.60 $15.20 $15.32 
-Labor, $/acre $3,47 $12.72 $5.50 $5.55 
-Miscellaneous. $/acre $2.69 $7.31 $3.16 $3.16 
Total economic costs, $/acre $149.53 $175.37 $64.73 $65.47 
Profit and management retum, $/acre ($32.53) ($36.52) ($3.13) ($3.87) 
Operatoi's share of gross income, $/acre $117.00 $138,85 $30.80 $30.80 
Operator's share of total costs, $/acre $149.53 $175.37 $33.93 $34.67 
Gross income per bushel or ton, $/bu, ton $0.00 $3.71 $0.00 $0.00 
Total cost per bushel or ton, S/bu, ton $0.00 $4.69 $0.00 $0.00 
Profit and management retum, $/bu.,ton $0.00 ($0.98) $0.00 $0.00 
Return on total capital investment, % -18.4% -6.0% 1.2% 0.7% 
Retum to unpaid labor, $/hour ($47.20) ($10.39) $2.42 $1.69 
Total cash flow requirement, $/acre $141.09 $126.77 $25.31 $25.37 
Cash flow required, $/bushel or ton $0.00 $3.39 $0.00 $0.00 
Planting Pattern Comparison 
Farm 2 Faim 3 
Strip Block Strip Block 
Farm 4 
Strip Block 
Owned Owned 
25.1 9 
0.0 0.0 
0.0 0.0 
$86.24 $88.24 
Cast! Rent Casti Rent 
3.84 3.42 
0.0 0.0 
15.8 11.8 
$63.54 $58.34 
Owned Owned 
2.7 2.2 
0.0 0.0 
10.3 11.3 
$79.98 $83.23 
$10.49 
$85.00 
$61.06 
$25.87 
$2.69 
$185.10 
($96.86) 
$88.24 
$185,10 
$0.00 
$0.00 
$0.00 
0.4% 
($21.70) 
$100.16 
$0.00 
$10.53 
$85.00 
$63.86 
$27,05 
$2.69 
$189.13 
($100.89) 
$88.24 
$189.13 
$0.00 
$0.00 
$0,00 
0.1% 
($21.58) 
$101,32 
$0.00 
$63,79 
$85,00 
$53.71 
$12.41 
$2.78 
$217.70 
($154.16) 
$63.54 
$217.70 
$4.02 
$13.78 
($9.76) 
-57.5% 
($65.94) 
$131.22 
$8.30 
$63.79 
$85.00 
$52.14 
$11.79 
$2.78 
$215.50 
($157.16) 
$58.34 
$215.50 
$4.94 
$18.26 
($13.32) 
-59.0% 
($71,16) 
$130.46 
$11.06 
$46.11 
$100.00 
$58.66 
$9.15 
$1.96 
$215.87 
($135.90) 
$79.98 
$215.87 
$7.76 
$20.96 
($13.19) 
•0.6% 
($55.19) 
$219.35 
$21.30 
$46.11 
$100.00 
$58,56 
$9,13 
$1.96 
$215.76 
($132.53) 
$83.23 
$215,76 
$7.37 
$19.09 
($11.73) 
-0.4% 
($53.82) 
$219.33 
$19.41 
Table 26. CER data by year and crop. System Comparison 
1993 Soybeans Fannl Farm 2 Fami1 
Unit name or numl)er Strip Block Strip Block Strip Block 
Type of land tenure Cash Rent Cash Rent Cash Rent Cash Rent Share Share 
Planted acres 3.6 10 1.8 2.7 2.2 1.1 
Diverted acres 0.0 0.0 0.0 0.0 0.0 0.0 
Harvested yield, bu, ton/a 31.0 30.0 45.3 32.3 27.3 25.6 
Gross crop income, $/acre $210.80 $204.00 $294.45 $209.95 $203.39 $192.34 
Economic costs 
-Inputs. $/acre $15.66 $15.66 $35.77 $70.80 $34.23 $34.23 
-Land, $/acre $122.70 $122.70 $100.00 $100.00 $84.58 $80.02 
•Machinery, $/acre $27.68 $27.66 $57.44 $67.01 $38.19 $38.19 
-Labor, $/acrB $13.81 $13.80 $18.00 $21.00 $13.82 $13.82 
•Miscellaneous, $/acre $2.69 $2.69 $7.31 $7.31 $3.16 $3.16 
Total economic costs, $/acre $182.53 $182.52 $218.52 $266.12 $173.97 $169.42 
Profit and management return, $/acre $28.27 $21.48 $75.93 ($56.17) $29.42 $22.92 
Operator's share of gross Income, $/acre $210.80 $204.00 $294.45 $209.95 $101.70 $96.17 
Operator's share of total costs, $/acre $182.53 $182.52 $218.52 $266.12 $72.28 $73.25 
Gross income per bushel or ton, $/bu, ton $6.80 $6.80 $6.50 $6.50 $7.45 $7.51 
Total cost per bushel or ton, $/bu, ton $5.89 $6.08 $4.82 $8.24 $6.37 $6.62 
Profit and management return, $/bu.,ton $0.91 $0.72 $1.68 ($1.74) $1.08 $0.90 
Return on total capital investment, % 21.2% 17.2% 26.1% -7.1% 24.6% 20.7% 
Return to unpaid labor, $/hour $17.19 $14.42 $28.97 ($9.30) $17.55 $14.91 
Total cash flow requirement, $/acre $150.58 $150.58 $149.00 $183.55 $50.85 $50,85 
Cash flow required, $/bushel or ton $4.86 $5.02 $3,29 $5.68 $3,73 $3.97 
Planting Pattern Comparison 
Farm 2 Farm 3 Farm 4 
Strip Block Strip Block Strip Block 
Owned Owned 
25.1 63 
0.0 0.0 
14.5 10.3 
$346.36 $323.16 
CastiRent Cash Rent 
3.84 2.13 
0.0 0.0 
47.6 46.1 
$285.60 $276.60 
Owned Owned 
2.7 2.5 
0.0 0.0 
41.6 41.6 
$287.04 $287.04 
$34.62 $33.64 
$85.00 $85.00 
$35.98 $35.62 
$15.24 $15.09 
$2.69 $2.69 
$173.53 $172.04 
$174.83 $151.12 
$348,36 $323.16 
$173.53 $172.04 
$24.02 $31.37 
$11.97 $16.70 
$12.06 $14.67 
21.0% 19.1% 
$92.83 $81.87 
$112.97 $111.89 
$7.79 $10.86 
$66.89 $66.89 
$85.00 $85.00 
$37.92 $37.92 
$14.99 $14.99 
$2.78 $2.78 
$207.58 $207.59 
$78.02 $69.01 
$285.60 $276.60 
$207.58 $207.59 
$6.00 $6.00 
$4.36 $4.50 
$1.64 $1.50 
35.6% 32.1% 
$35.14 $31.70 
$129.90 $129.90 
$2.73 $2.82 
$40.32 $40.31 
$100.00 $100.00 
$48.57 $48.58 
$7.58 $7.58 
$1.96 $1.96 
$198.42 $198.42 
$88.62 $88.62 
$287.04 $287.04 
$198.42 $198.42 
$6.90 $6.90 
$4.77 $4.77 
$2.13 $2.13 
13.0% 13.0% 
$50.59 $50.58 
$202.61 $202.61 
$4.87 $4.87 
Table 26. CER data by year and crop. System Comparison 
1994 Com Farm 1 Farm 2 Fa 
Unit name or number Strip Block Strip Block Strip 
Type o1 land tenure Cash Renl Cash Renl Owned Owned Share 
Planted acres 10.0 10.0 1.8 2.7 2.2 
Diverted acres 0.0 0.0 0.0 0.0 0.0 
Han/ested yield, bu. ton/a 153.0 126.0 172.0 173.2 110.5 
Gross crop income, $/acre $290.70 $239.40 $318.16 $320.36 $204.43 
Economic costs 
-Inputs, $/acre $75.31 $59.52 $82.71 $90.79 $50.60 
-l.and, $/acre $120.00 $120.00 $110.00 $110.00 $73.62 
-Machinery. $/acre $40.58 $40.34 $65.80 $74.66 $42.97 
-Labor, $/acrB $20.62 $20.62 $15.28 $20.00 $17.18 
-Miscellaneous, $/acre $17.39 $17.39 $8.75 $8.75 $13.41 
Total economic costs, $/acrB $273.90 $257.87 $282.54 $304.20 $197.78 
Profit and management return, $/acrB $16.80 ($18.47) $35.62 $16.17 $6.65 
Operator's share of gross income, $/acre $290.70 $239.40 $318.16 $320.36 $102.21 
Operator's share of total costs, $/acre $273.90 $257.87 $282.54 $304.20 $95.57 
Gross income per bushel or ton, $/bu, ton $1.90 $1.90 $1.85 $1.85 $1.85 
Total cost per bushel or ton, $/bu, ton $1.79 $2.05 $1.64 $1.76 $1.79 
Profit and management return, $/bu.,ton $0.11 ($0.15) $0.21 $0.09 $0.06 
Return on total capital investment, % 12.7% -1.2% 9.3% 4.6% 11.9% 
Return to unpaid labor, $/hour $4.23 $0.24 $19,22 $10,43 $7.61 
Total cash flow requirement, $/acre $226.51 $211.07 $227,44 $252.37 $70.63 
Cash flow required, $/bushel or ton $1.48 $1.68 $1.32 $1.46 $1.28 
Planting Pattern Comparison 
1 Farni 2 Farm 3 Fami 4 
Block Strip Block Strip Block Strip Block 
Share Owned Owned Cash Rent Cash Rent Owned Owned 
1.1 27.0 74.0 1.5 2.0 2.4 7.5 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
105.0 169.0 151.0 183.0 168.0 134.2 128.9 
$194.25 $295.75 $264.25 $338.55 $310.80 $254.89 $244.91 
$50.61 
$68.83 
$45.61 
$17.18 
$13.41 
$195.64 
$48.51 
$90.00 
$33.64 
$11.28 
$2.47 
$185.90 
$54.14 
$90.00 
$34.84 
$11.28 
$2.47 
$192.72 
$71.52 
$85.00 
$50.63 
$25.06 
$2.74 
$234.95 
$65.58 
$85.00 
$45.46 
$22.47 
$2.74 
$221.25 
$79.75 
$110.00 
$47.68 
$12.82 
$1.10 
$251.36 
$79.76 
$110.00 
$47.49 
$12.81 
$1.10 
$251.16 
($1.39) 
$97.13 
$98.51 
$1,85 
$1.86 
($0.01) 
6.6% 
$5.05 
$71.95 
$1.37 
$109.85 
$295.75 
$185.90 
$1.75 
$1.10 
$0.65 
13.2% 
$58.89 
$137.67 
$0.81 
$71.53 
$264.25 
$192.72 
$1.75 
$1.28 
$0.47 
10.7% 
$40.21 
$136.37 
$0.90 
$103.60 
$338.55 
$234.95 
$1.85 
$1.28 
$0.57 
45.9% 
$35.95 
$181.97 
$0.99 
$89.55 
$310.80 
$221.25 
$1.85 
$1.32 
$0.53 
41.0% 
$34.89 
$173.70 
$1.03 
$3.52 
$254.89 
$251.36 
$1.90 
$1.87 
$0.03 
7.2% 
$9.60 
$161,29 
$1.20 
($6.25) 
$244.91 
$251.16 
$1.90 
$1.95 
($0.05) 
6.6% 
$3,86 
$161.11 
$1.25 
Table 26. CER data by year and crop. System Comparison 
1994 Small Grains Farml Farm 2 Famil 
Unit name or number Strip Strip Strip Strip Block 
Grazed 
Type of land tenure Cash Rent Cash Rent Owned Share Share 
Planted acres 10.0 10.0 1.8 2.2 1.1 
Diverted acres 0.0 0.0 0.0 0.0 0.0 
Harvested yield, bu, ton/a 75.0 75.0 71.1 20.1 18.6 
Gross crop income, $/acre $179.25 $232.25 $145.88 $90.25 $86.50 
Economic costs 
-Inputs, $/acre $16.00 $39.47 $10.40 $11.66 $11.66 
-Land, $/acr6 $120.00 $120.00 $110.00 $39.30 $37.75 
-Machinery, $/acre $21.88 $21.88 $23.28 $25.67 $25.67 
-Labor, $/acre $12.37 $12.37 $12.72 $12.00 $12.00 
-Miscellaneous, $/acre $17.39 $17.39 $8.75 $13.41 $13.41 
Total economic costs, $/acre $187.65 $211.11 $165.15 $102.04 $100.49 
Profit and management return, $/acre ($8.40) $21.14 ($19.28) ($11.79) ($13.99) 
Operator's share of gross income, $/acre $179.25 $232.25 $145.88 $45.13 $43.25 
Operator's share of total costs, $/acre $187.65 $211.11 $165.15 $56.91 $57.24 
Gross income per bushel or ton, $/bu, ton $2.39 $3.10 $2.05 $4.49 $4.65 
Total cost per bushel or ton, $/bu, ton $2.50 $2.81 $2.32 $5.08 $5.40 
Profit and management return, $/bu.,ton ($0.11) $0.28 ($0.27) ($0.59) ($0.75) 
Return on total capital investment, % -0.2% 13.6% -5.4% -4.6% -6.6% 
Return to unpaid labor, $/hour $0.75 $6.32 ($2.97) $0,10 ($0.91) 
Total cash flow requirement, $/acre $160,30 $182.89 $134.01 $39.70 $39.70 
Cash flow required, $/bushei or ton $2,14 $2.44 $1.88 $3,95 $4.27 
Planting Pattern Comparison 
Farm 2 Famia Fatm4 
Strip Block Strip Block Strip Block Strip 
Grazed 
Owned Owned Cash Rent Cash Rent Owned Owned Owned 
27.0 7.0 4.0 2.0 2.4 4.2 2.4 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
72.0 70.0 73.0 78.0 67.3 100.5 67.3 
$142.20 $139.50 $193.15 $200.90 $187.49 $230.65 $325.49 
$49.73 
$90.00 
$41.05 
$15.77 
$1.29 
$197.84 
($55.64) 
$142.20 
$197.84 
$1.98 
$2.75 
($0.77) 
3.0% 
($14.88) 
$93.42 
$1.30 
$49.74 
$90.00 
$41.05 
$15.77 
$1.29 
$197.85 
$139.50 
$197.85 
$1.99 
$2.83 
($0.83) 
2.8% 
($15.87) 
$93.41 
$1.33 
$13.55 
$85.00 
$66.05 
$23.43 
$2.74 
$190.77 
$193.15 
$190.77 
$2.65 
$2.61 
$0.03 
7.2% 
$7.12 
$142.99 
$1.96 
$13.55 
$85.00 
$66.05 
$23.43 
$2.74 
$190.77 
$10.13 
$200.90 
$190.77 
$2.58 
$2.45 
$0.13 
11.0% 
$9.48 
$142.99 
$1.83 
$40.60 
$110.00 
$42.83 
$12.62 
$1.10 
$207.15 
($19.66) 
$187.49 
$207.15 
$2.79 
$3.08 
($0.29) 
5.8% 
($4.21) 
$113.90 
$1.69 
$40.60 
$110.00 
$42.77 
$12.60 
$1.10 
$207.07 
$23.58 
$230.65 
$207.07 
$2.30 
$2.06 
$0.23 
8.3% 
$21.64 
$113.88 
$1.13 
$40.60 
$110.00 
$42.83 
$12.62 
$1.10 
$207.15 
$118.34 
$325.49 
$207.15 
$4.84 
$3.08 
$1.76 
13.7% 
$78.22 
$113.90 
$1.69 
($58.35) $2.38 
Table 26. CER data by year and crop. System Comparison 
1994 Soybeans Farmi Famfi2 Fa 
Unit name or number Strip Block Strip Block Strip 
Type of land tenure Cash Rent Cash Rent Owned Owned Share 
Planted acres 10.0 10.0 1.8 2.7 2.2 
Diverted acres 0.0 0.0 0,0 0.0 0.0 
Harvested yield, bu, ton/a 46.0 46.0 57,5 61.2 39,2 
Gross crop income, $/acrB $274.62 $274.62 $287.25 $306.00 $285.00 
Economic costs 
-Inputs, $/acre $20.43 $20.48 $41.89 $80.41 $35.93 
-Land, $/acre $120.00 $120.00 $110.00 $110.00 $124.53 
-Machinery, $/acrB $36.47 $36.47 $32.94 $38.43 $35.10 
-Labor, $/acrB $20.62 $20.62 $18.00 $21.00 $16.41 
-Miscellaneous, $/acre $17.39 $17.39 $8.75 $8.75 $13.41 
Total economic costs, $/acre $214.91 $214.96 $211.58 $258.59 $225.39 
Profit and management retum, $/acre $59.71 $59.66 $75.67 $47.41 $59.61 
Operator's share of gross income, $/acre $274.62 $274.62 $287.25 $306.00 $142.50 
Operator's share of total costs, $/acre $214.91 $214.96 $211.58 $258.59 $82,89 
Gross income per bushel or ton, $/bu, ton $5.97 $5.97 $5.00 $5.00 $7.27 
Total cost per bushel or ton, $/bu, ton $4.67 $4,67 $3.68 $4.23 $5.75 
Profit and management retum, $/bu.,ton $1.30 $1.30 $1.32 $0.77 $1.52 
Retum on total capital investment, % 34.6% 34.6% 20.3% 12.1% 50.9% 
Retum to unpaid labor, $/hour $9.09 $9.08 $30.02 $18.79 $25.42 
Total cash flow requirement, $/acre $169.57 $169.63 $166,47 $204.75 $59.07 
Cash flow required, $/bushel or ton $3.69 $3.69 $2.90 $3.35 $3.01 
Til 
Block 
Planting Pattern Comparison 
Farm 2 Farm 3 Farm 4 
Strip Block Strip Block Strip Block 
Share Owned Owned Cash Rent Cash Rent Owned Owned 
1.1 27.0 53.0 3.0 1.5 2.4 15.5 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
37.6 50,0 50.0 68.0 
$274.00 $262.50 $262.50 $340.00 
70.0 29.5 46.3 
$350.00 $248.45 $387.13 
$35.93 
$120.05 
$35.01 
$16.36 
$13.41 
$220.76 
$53.24 
$137.00 
$83.76 
$7.29 
$5.87 
$1.42 
46,3% 
$23.34 
$50.69 
$90.00 
$30,10 
$11,56 
$1,80 
$184.16 
$78.34 
$262.50 
$184.16 
$5.25 
$3.68 
$1.57 
11.2% 
$44.62 
$50.69 
$90.00 
$30.10 
$11.56 
$1,80 
$184.16 
$78.34 
$262.50 
$184.16 
$5.25 
$3.68 
$1.57 
11.2% 
$44.62 
$27.98 
$85.00 
$30,24 
$15,98 
$2,74 
$161.93 
$178.07 
$340.00 
$161.93 
$5.00 
$2.38 
$2,62 
87,1% 
$86,11 
$27,98 
$85,00 
$28.90 
$15.27 
$2.74 
$159.89 
$190.11 
$350.00 
$159.89 
$5.00 
$2.28 
$2.72 
92.7% 
$95.46 
$62,70 
$110,00 
$37,78 
$11.13 
$1.10 
$222.71 
$25.74 
$248.45 
$222.71 
$8.42 
$7.55 
$0.87 
8,3% 
$24,97 
$62,71 
$110,00 
$37,83 
$11.14 
$1.10 
$222.79 
$164.34 
$387,13 
$222,79 
$8.36 
$4.81 
$3,55 
16,2% 
$118,66 
$59.02 $114.40 $114.40 $128.74 $128.13 $124.26 $124.29 
$3.14 $2.29 $2.29 $1.89 $1.83 $4.21 $2.68 
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APPENDIX B. YIELD OF CORN, SOYBEANS, SMALL GRAINS, AND 
ALFALFA, AND CORN GRAIN NITROGEN COMPOSITION AVERAGED 
OVER REPLICATIONS FOR 1986-1989 AT NERC AND 1988-1989 AT LHF. 
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Table 28. Com stand, grain 
treatment, N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
LHF 1988 AH4 0 1 1.380 23.40 31.75 
LHF 1988 AH4 0 2 1.158 29.44 44.79 
LHF 1988 AH4 0 3 1.150 36.37 56.15 
LHF 1988 AH4 0 4 1.147 39.45 61.26 
LHF 1988 AH4 0 5 1.230 36.05 52.47 
LHF 1988 AH4 0 6 1.267 51.33 72.38 
LHF 1988 AH4 1 1 1.638 36.41 44.92 
LHF 1988 AH4 1 2 1.460 38.24 45.15 
LHF 1988 AH4 1 3 1.390 56.19 71.87 
LHF 1988 AH4 I 4 1.373 58.33 75.99 
LHF 1988 AH4 1 5 1.437 57.14 71.95 
LHF 1988 AH4 1 6 1.443 67.14 83.32 
LHF 1988 AH4 2 1 1.550 34.85 41.54 
LHF 1988 AH4 2 2 1.550 52.79 61.68 
LHF 1988 AH4 2 3 1.430 57.90 73.44 
LHF 1988 AH4 2 4 1.607 60.97 68.77 
LHF 1988 AH4 2 5 1.430 63.21 79.19 
LHF 1988 AH4 2 6 1.460 62.57 78.18 
LHF 1988 AH4 3 1 1.735 38.10 39.14 
LHF 1988 AH4 3 2 1.418 60.94 76.83 
LHF 1988 AH4 3 3 1.503 79.04 96.07 
LHF 1988 AH4 3 4 1.650 61.58 67.39 
LHF 1988 AH4 3 5 1.540 65.04 74.67 
LHF 1988 AH4 3 6 1.650 43.10 46.79 
LHF 1988 COO 0 I 1.423 24.35 32.55 
LHF 1988 COO 0 2 1.188 35.31 52.99 
LHF 1988 COO 0 3 1.233 43.68 62.99 
LHF 1988 COO 0 4 1.207 46.57 68.90 
LHF 1988 COO 0 5 1.283 51.04 68.83 
LHF 1988 COO 0 6 1.283 35.80 51.43 
LHF 1988 COO 1 1 1.583 59.02 71.41 
LHf .. 1988 ™ , I 2 1 410 56.05 70 89 
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Table 28. Com stand, grain 
treatment, N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
LHF 1988 COO 1 3 1.380 67.18 85.72 
LHF 1988 coo 1 4 1.273 70.99 97.13 
LHF 1988 coo 1 5 1.283 63.03 86.49 
LHF 1988 coo 2 1 1.593 70.16 79.02 
LHF 1988 coo 2 2 1.503 67.08 79.52 
LHF 1988 coo 2 3 1.525 85.45 101.72 
LHF 1988 coo 2 4 1.520 86.70 102.18 
LHF 1988 coo 2 5 1.330 68.34 94.07 
LHF 1988 coo 2 6 1.460 39.91 47.74 
LHF 1988 coo 3 1 1.525 63.47 74.39 
LHF 1988 coo 3 2 1.495 69.38 82.99 
LHF 1988 coo 3 3 1.520 67.81 79.05 
LHF 1988 coo 3 4 1.540 88.27 103.61 
LHF 1988 coo 3 5 1.557 77.14 89.75 
LHF 1988 coo 3 6 1.527 52.98 62.96 
LHF 1988 SB 0 1 1.305 34.21 47.85 
LHF 1988 SB 0 2 1.208 34.28 48.79 
LHF 1988 SB 0 3 1.255 46.03 64.39 
LHF 1988 SB 0 4 1.242 39.06 55.32 
LHF 1988 SB 0 5 1.260 41.57 57.53 
LHF 1988 SB 0 6 1.260 34.91 49.76 
LHF 1988 SB 1 1 1.533 52.39 62.08 
LHF 1988 SB 1 2 1.365 58.25 74.03 
LHF 1988 SB I 3 1.383 45.25 60.95 
LHF 1988 SB 1 4 1.272 51.42 71.41 
LHF 1988 SB 1 5 1.425 52.19 65.50 
LHF 1988 SB 1 6 1.420 54.58 67.89 
LHF 1988 SB 2 1 1.608 56.33 64.47 
LHF 1988 SB 2 2 1.558 68.38 78.44 
LHF 1988 SB 2 3 1.455 76.33 93.79 
LHF 1988 SB 2 4 1.465 74.37 90.51 
LHF 1988 SB 2 5 1.450 71.38 83.68 
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Table 28. Corn stand, grain 
treatment, N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
LHF 1988 SB 2 6 1.608 67.14 74.79 
LHF 1988 SB 3 1 1.545 58.87 69.48 
LHF 1988 SB 3 2 1.565 62.34 72.00 
LHF 1988 SB 3 3 1.480 82.20 100.25 
LHF 1988 SB 3 4 1.428 79.78 100.55 
LHF 1988 SB 3 5 1.356 57.37 72.95 
LHF 1988 SB 3 6 1.587 71.32 81.69 
LHF 1988 WCO 0 1 1.428 19.15 25.93 
LHF 1988 WCO 0 2 1.410 38.60 47.24 
LHF 1988 WCO 0 3 1.183 34.43 50.70 
LHF 1988 WCO 0 4 1.150 28.79 44.90 
LHF 1988 WCO 0 5 1.190 29.13 42.80 
LHF 1988 WCO 0 6 1.327 38.81 54.82 
LHF 1988 WCO 1 I 1.560 42.58 55.53 
LHF 1988 WCO 1 2 1.398 58.02 72.29 
LHF 1988 WCO 1 3 1.365 60.21 79.82 
LHF 1988 WCO 1 4 1.418 55.26 70.89 
LHF 1988 WCO 1 5 1.490 45.85 56.49 
LHF 1988 WCO 1 6 1.530 44.14 65.48 
LHF 1988 WCO 2 1 1.680 46.09 51.88 
LHF 1988 WCO 2 2 1.508 80.14 95.20 
LHF 1988 WCO 2 3 1.593 83.69 94.13 
LHF 1988 WCO 2 4 1.588 75.36 89.39 
LHF 1988 WCO 2 5 1.640 57.78 64.30 
LHF 1988 WCO 2 6 1.613 33.99 37.32 
LHF 1988 WCO 3 I 1.735 42.80 53.56 
LHF 1988 WCO 3 2 1.488 74.41 88.67 
LHF 1988 WCO 3 3 1.520 69.57 81.91 
LHF 1988 WCO 3 4 1.578 62.31 73.73 
LHF 1988 WCO 3 5 1.613 79.24 88.67 
LHF 1988 WCO 3 6 1.810 47.77 38.91 
LHF 1989 AH4 0 I 0.85 1.240 49.59 70.80 
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Table 28. Com stand, grain 
treatment, N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
LHF 1989 AH4 0 2 0.99 1.325 70.56 97.11 
LHF 1989 AH4 0 3 0.91 1.555 78.80 89.07 
LHF 1989 AH4 0 4 0.94 1.523 46.67 55.10 
LHF 1989 AH4 0 5 1.05 1.327 76.14 102.27 
LHF 1989 AH4 0 6 0.97 1.100 47.78 75.44 
LHF 1989 AH4 1 1 1.03 1.240 58.77 88.22 
LHF 1989 AH4 1 2 1.03 1.370 89.76 116.33 
LHF 1989 AH4 1 3 0.91 1.598 90.55 101.48 
LHF 1989 AH4 I 4 0.95 1.615 97.12 107.24 
LHF 1989 AH4 1 5 0.97 1.573 116.56 121.40 
LHF 1989 AH4 1 6 0.95 1.323 76.55 95.06 
LHF 1989 AH4 2 1 0.98 1.345 58.39 75.35 
LHF 1989 AH4 2 2 1.01 1.535 88.24 103.66 
LHF 1989 AH4 2 3 0.94 1.733 102.63 106.46 
LHF 1989 AH4 2 4 1.00 1.660 89.02 95.26 
LHF 1989 AH4 2 5 0.98 1.683 102.36 110.08 
LHF 1989 AH4 2 6 0.88 1.523 62.95 73.73 
LHF 1989 AH4 3 1 1.13 1.450 93.97 115.63 
LHF 1989 AH4 3 2 1.00 1.600 103.70 116.24 
LHF 1989 AH4 3 3 0.94 1.715 89.43 93.28 
LHF 1989 AH4 3 4 1.00 1.715 113.37 118.38 
LHF 1989 AH4 3 5 0.83 1.687 88.23 93.85 
LHF 1989 AH4 3 6 0.98 1.590 103.87 115.61 
LHF 1989 COO 0 1 1.03 0.993 40.13 73.81 
LHF 1989 COO 0 2 1.08 1.080 65.82 101.76 
LHF 1989 COO 0 3 0.90 1.427 92.71 109.56 
LHF 1989 COO 0 4 1.19 1.430 111.65 142.58 
LHF 1989 COO 0 5 0.90 1.223 73.75 105.25 
LHF 1989 COO 0 6 1.01 1.118 36.93 56.70 
LHF 1989 COO 1 1 1.33 1.375 103.46 134.07 
LHF 1989 COO 1 2 1.08 1.340 99.51 131.55 
LHF 1989 coo 1 3 1.02 1.590 121.26 130.84 
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Table 28. Com stand, grain 
treatment, N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
LHF 1989 COO 1 4 1.01 1.537 102.29 114.92 
LHF 1989 coo 1 5 0.96 1.523 99.60 117.84 
LHF 1989 coo 1 6 1.00 1.305 66.26 89.17 
LHF 1989 coo 2 1 1.07 1.443 116.18 134.11 
LHF 1989 coo 2 2 0.95 1.453 101.14 116.67 
LHF 1989 coo 2 3 0.93 1.623 107.92 108.16 
LHF 1989 coo 2 4 1.15 1.570 118.72 135.35 
LHF 1989 coo 2 5 0.84 1.493 69.78 82.38 
LHF 1989 coo 2 6 1.08 1.523 90.93 105.10 
LHF 1989 coo 3 1 1.03 1.490 138.36 130.82 
LHF 1989 coo 3 2 0.90 1.480 106.27 116.92 
LHF 1989 coo 3 3 1.14 1.637 114.88 126.93 
LHF 1989 coo 3 4 1.09 1.560 141.73 150.15 
LHF 1989 coo 3 5 0.98 1.527 131.36 145.89 
LHF 1989 coo 3 6 0.96 1.453 74.07 90.21 
LHF 1989 SB 0 1 1.04 1.135 56.95 88.20 
LHF 1989 SB 0 2 1.01 1.192 71.20 105.97 
LHF 1989 SB 0 3 1.04 1.140 72.34 111.83 
LHF 1989 SB 0 4 1.13 1.160 70.26 107.65 
LHF 1989 SB 0 5 0.98 1.062 47.66 81.80 
LHF 1989 SB 0 6 1.08 1.098 58.23 92.69 
LHF 1989 SB 1 1 1.07 1.310 77.84 107.57 
LHF 1989 SB 1 2 1.11 1.332 97.38 130.43 
LHF 1989 SB 1 3 1.07 1.328 93.45 125.93 
LHF 1989 SB 1 4 1.08 1.288 84.57 117.31 
LHF 1989 SB 1 5 1.03 1.283 82.44 114.88 
LHF 1989 SB 1 6 1.04 1.374 82.34 109.33 
LHF 1989 SB 2 1 1.16 1.400 115.10 146.29 
LHF 1989 SB 2 2 1.08 1.403 92.58 118.54 
LHF 1989 SB 2 3 1.09 1.448 112.09 138.26 
LHF 1989 SB 2 4 1.08 1.468 101.44 124.49 
LHF 1989 SB 2 5 1.01 1.392 96.54 125.48 
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Table 28. Com stand, grain 
treatment, N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
LHF 1989 SB 2 6 0.99 1.460 90.14 110.42 
LHF 1989 SB 3 1 1.26 1.500 112.42 134.89 
LHF 1989 SB 3 2 1.11 1.303 91.90 128.90 
LHF 1989 SB 3 3 1.09 1.467 120.38 147.11 
LHF 1989 SB 3 4 1.03 1.553 114.43 133.73 
LHF 1989 SB 3 5 1.03 1.467 103.35 125.58 
LHF 1989 SB 3 6 1.18 1.510 98.58 116.66 
LHF 1989 WCO 0 1 1.07 1.123 53.44 84.15 
LHF 1989 WCO 0 2 1.09 1.060 48.65 79.78 
LHF 1989 WCO 0 3 0.98 1.073 66.91 107.66 
LHF 1989 WCO 0 4 1.07 1.027 53.98 93.11 
LHF 1989 WCO 0 5 0.94 1.047 49.80 84.56 
LHF 1989 WCO 0 6 1.10 1.173 40.08 61.01 
LHF 1989 WCO 1 1 1.20 1.280 119.63 166.64 
LHF 1989 WCO 1 2 0.99 1.313 82.16 97.39 
LHF 1989 WCO 1 3 1.08 1.213 84.86 127.12 
LHF 1989 WCO 1 4 0.91 1.183 71.46 112.75 
LHF 1989 WCO 1 5 1.04 1.097 66.21 101.15 
LHF 1989 WCO 1 6 1.09 1.153 24.04 37.20 
LHF 1989 WCO 2 1 1.08 1.395 97.33 124.14 
LHF 1989 WCO 2 2 1.08 1.360 109.01 141.71 
LHF 1989 WCO 2 3 0.98 1.420 111.87 133.97 
LHF 1989 WCO 2 4 1.08 1.437 128.83 146.67 
LHF 1989 WCO 2 5 0.93 1.413 95.85 106.68 
LHF 1989 WCO 2 6 1.03 1.567 40.19 74.10 
LHF 1989 WCO 3 1 1.10 1.435 95.55 119.31 
LHF 1989 WCO 3 2 1.01 1.517 100.88 128.53 
LHF 1989 WCO 3 3 1.04 1.450 123.09 155.28 
LHF 1989 WCO 3 4 1.08 1.400 112.25 137.01 
LHF 1989 WCO 3 5 1.03 1.363 128.07 156.99 
LHF 1989 WCO 3 6 1.00 1.363 48.12 59.10 
NERC 1986 AH2 0 1 1.52 1.160 71.57 109.82 
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Table 28. Com stand, grain 
treatment, N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1986 AH2 0 2 1.56 1.073 32.67 54.14 
NERC 1986 AH2 0 3 1.51 1.050 37.19 63.18 
NERC 1986 AH2 0 4 1.49 1.078 37.36 61.67 
NERC 1986 AH2 0 5 1.49 1.068 38.22 60.88 
NERC 1986 AH2 0 6 1.44 1.135 71.71 111.43 
NERC 1986 AH2 1 1 1.44 1.225 98.30 141.63 
NERC 1986 AH2 1 2 1.45 1.053 60.03 101.68 
NERC 1986 AH2 1 3 1.55 1.080 63.83 105.27 
NERC 1986 AH2 1 4 1.42 1.158 69.30 106.35 
NERC 1986 AH2 1 5 1.52 1.053 61.13 103.34 
NERC 1986 AH2 1 6 1.39 1.173 93.14 141.48 
NERC 1986 AH2 2 1 1.44 1.330 133.11 178.83 
NERC 1986 AH2 2 2 1.44 1.315 108.07 146.75 
NERC 1986 AH2 2 3 1.43 1.268 102.40 143.72 
NERC 1986 AH2 2 4 1.53 1.328 114.78 154.48 
NERC 1986 AH2 2 5 1.47 1.280 110.11 152.84 
NERC 1986 AH2 2 6 1.49 1.350 141.37 186.88 
NERC 1986 AH2 3 I 1.48 1.315 137.01 183.81 
NERC 1986 AH2 3 2 1.54 1.335 123.27 164.27 
NERC 1986 AH2 3 3 1.46 1.353 123.86 163.64 
NERC 1986 AH2 3 4 1.51 1.340 129.39 172.32 
NERC 1986 AH2 3 5 1.53 1.383 126.75 163.35 
NERC 1986 AH2 3 6 1.48 1.385 153.06 197.54 
NERC 1986 AH4 0 1 1.44 1.133 70.64 110.09 
NERC 1986 AH4 0 2 1.48 1.028 34.57 60.06 
NERC 1986 AH4 0 3 1.44 1.060 38.30 64.56 
NERC 1986 AH4 0 4 1.51 1.025 31.84 55.49 
NERC 1986 AH4 0 5 1.51 1.045 35.49 60.56 
NERC 1986 AH4 0 6 1.40 1.177 78.84 109.98 
NERC 1986 AH4 1 1 1.41 1.215 95.69 139.93 
NERC 1986 AH4 1 2 1.51 1.100 69.92 113.04 
NERC 1986 AH4 1 3 1.51 1.080 69.93 115.44 
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Table 28. Com stand, grain 
treatment. N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1986 AH4 1 4 1.46 1.098 66.63 107.82 
NERC 1986 AH4 1 5 1.54 1.093 70.19 114.22 
NERC 1986 AH4 1 6 1.55 1.183 107.68 150.37 
NERC 1986 AH4 2 1 1.48 1.335 140.01 186.73 
NERC 1986 AH4 2 2 1.48 1.228 105.23 152.51 
NERC 1986 AH4 2 3 1.53 1.298 111.51 153.41 
NERC 1986 AH4 2 4 1.46 1.258 105.68 149.81 
NERC 1986 AH4 2 5 1.59 1.315 125.89 170.69 
NERC 1986 AH4 2 6 1.52 1.377 156.03 196.83 
NERC 1986 AH4 3 1 1.54 1.358 150.48 195.60 
NERC 1986 AH4 3 2 1.50 1.318 119.52 161.76 
NERC 1986 AH4 3 3 1.46 1.343 123.09 163.51 
NERC 1986 AH4 3 4 1.49 1.343 121.23 161.16 
NERC 1986 AH4 3 5 1.53 1.350 130.45 171.86 
NERC 1986 AH4 3 6 1.51 1.363 154.04 200.16 
NERC 1986 AOO 0 1 1.53 1.170 80.22 119.73 
NERC 1986 AOO 0 2 1.53 1.073 53.59 88.76 
NERC 1986 AOO 0 3 1.51 1.145 51.16 79.38 
NERC 1986 AOO 0 4 1.53 1.018 44.10 77.28 
NERC 1986 AOO 0 5 1.56 1.058 41.72 70.07 
NERC 1986 AOO 0 6 1.48 1.103 68.08 109.15 
NERC 1986 AOO 1 1 1.49 1.230 102.77 148.56 
NERC 1986 AOO 1 2 1.59 1.093 76.68 124.97 
NERC 1986 AOO 1 3 1.48 1.073 69.50 115.82 
NERC 1986 AOO 1 4 1.54 1.135 81.69 127.90 
NERC 1986 AOO 1 5 1.56 1.073 64.95 108.11 
NERC 1986 AOO 1 6 1.41 1.063 77.47 130.12 
NERC 1986 AOO 2 1 1.49 1.405 136.34 172.68 
NERC 1986 AOO 2 2 1.48 1.350 124.11 163.60 
NERC 1986 AOO 2 3 1.51 1.300 116.29 159.67 
NERC 1986 AOO 2 4 1.50 1.338 115.86 155.08 
NERC 1986 AOO 2 5 1.59 1.295 108.02 149.15 
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Table 28. Com stand, grain 
treatment. N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1986 AOO 2 6 1.51 1.353 140.66 185.93 
NERC 1986 AGO 3 1 1.48 1.410 154.35 195.66 
NERC 1986 AOO 3 2 1.51 1.445 139.67 173.61 
NERC 1986 AOO 3 3 1.53 1.385 135.83 175.27 
NERC 1986 AOO 3 4 1.48 1.353 123.71 162.58 
NERC 1986 AOO 3 5 1.53 1.363 134.66 176.51 
NERC 1986 AOO 3 6 1.41 1.320 149.50 201.96 
NERC 1986 COO 0 1 1.48 1.098 55.93 90.40 
NERC 1986 COO 0 2 1.51 1.035 32.21 55.82 
NERC 1986 COO 0 3 1.51 1.033 33.37 57.88 
NERC 1986 COO 0 4 1.52 1.023 34.43 60.18 
NERC 1986 COO 0 5 1.46 1.045 35.74 61.26 
NERC 1986 COO 0 6 1.46 1.125 61.03 96.67 
NERC 1986 COO 1 1 1.49 1.178 83.88 126.23 
NERC 1986 COO 1 2 1.46 1.078 59.16 97.59 
NERC 1986 COO 1 3 1.46 1.077 66.19 109.19 
NERC 1986 coo 1 4 1.43 1.083 56.92 93.81 
NERC 1986 coo 1 5 1.50 1.053 68.53 114.55 
NERC 1986 coo 1 6 1.42 1.137 82.20 128.37 
NERC 1986 coo 2 1 1.49 1.270 126.39 177.38 
NERC 1986 coo 2 2 1.49 1.230 104.82 151.20 
NERC 1986 coo 2 3 1.47 1.328 104.41 140.15 
NERC 1986 coo 2 4 1.47 1.282 93.57 130.17 
NERC 1986 coo 2 5 1.55 1.292 104.97 144.39 
NERC 1986 coo 2 6 1.51 1.256 119.92 170.09 
NERC 1986 coo 3 1 1.48 1.390 142.58 182.77 
NERC 1986 coo 3 2 1.45 1.365 127.35 165.65 
NERC 1986 coo 3 3 1.49 1.343 118.38 157.24 
NERC 1986 coo 3 4 1.46 1.323 123.52 166.39 
NERC 1986 coo 3 5 1.50 1.340 118.58 156.88 
NERC 1986 coo 3 6 1.38 1.338 141.03 188.70 
NERC 1986 SB 0 1 1.47 1.103 72.21 117.20 
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Table 28. Com stand, grain 
treatment. N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1986 SB 0 2 1.50 1.030 39.36 68.45 
NERC 1986 SB 0 3 1.51 0.983 37.50 68.20 
NERC 1986 SB 0 4 1.50 1.040 43.52 74.36 
NERC 1986 SB 0 5 1.54 1.007 41.95 76.28 
NERC 1986 SB 0 6 1.48 1.110 75.87 120.91 
NERC 1986 SB 1 1 1.40 1.295 119.32 164.34 
NERC 1986 SB 1 2 1.50 1.240 105.12 151.54 
NERC 1986 SB 1 3 1.53 1.308 113.60 154.82 
NERC 1986 SB 1 4 1.44 1.275 106.48 148.53 
NERC 1986 SB 1 5 1.59 1.275 116.21 161.35 
NERC 1986 SB 1 6 1.44 1.313 136.61 186.12 
NERC 1986 SB 2 1 1.43 1.417 149.99 186.50 
NERC 1986 SB 2 2 1.58 1.373 139.83 182.19 
NERC 1986 SB 2 3 1.52 1.383 135.20 174.69 
NERC 1986 SB 2 4 1.54 1.305 127.56 174.42 
NERC 1986 SB 2 5 1.56 1.373 136.02 176.94 
NERC 1986 SB 2 6 1.51 1.488 165.26 198.45 
NERC 1986 SB 3 1 1.48 1.468 159.35 193.75 
NERC 1986 SB 3 2 1.59 1.453 138.83 174.51 
NERC 1986 SB 3 3 1.52 1.230 115.16 168.65 
NERC 1986 SB 3 4 1.51 1.408 136.83 173.45 
NERC 1986 SB 3 5 1.53 1.465 143.95 175.63 
NERC 1986 SB 3 6 1.53 1.485 169.56 203.91 
NERC 1987 AH2 0 1 1.47 1.343 115.86 152.83 
NERC 1987 AH2 0 2 1.49 1.323 112.80 151.98 
NERC 1987 AH2 0 3 1.49 1.275 101.12 140.68 
NERC 1987 AH2 0 4 1.47 1.230 96.74 140.08 
NERC 1987 AH2 0 5 1.53 1.275 98.70 138.59 
NERC 1987 AH2 0 6 1.46 1.245 93.65 132.21 
NERC 1987 AH2 1 1 1.42 1.318 124.11 167.50 
NERC 1987 AH2 1 2 1.47 1.343 113.03 150.11 
NERC 1987 AH2 1 3 1.53 1.285 108.24 148.54 
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Table 28. Com stand, grain 
treatment, N. fertilizer level. 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1987 AH2 1 4 1.44 1.295 103.01 142.12 
NERC 1987 AH2 1 5 1.44 1.270 100.93 140.25 
NERC 1987 AH2 1 6 1.36 1.305 95.19 128.90 
NERC 1987 AH2 2 1 1.50 1.298 126.13 172.37 
NERC 1987 AH2 2 2 1.52 1.363 129.44 169.23 
NERC 1987 AH2 2 3 1.43 1.370 123.61 160.92 
NERC 1987 AH2 2 4 1.49 1.350 120.76 159.12 
NERC 1987 AH2 2 5 1.54 1.313 116.04 160.23 
NERC 1987 AH2 2 6 1.44 1.360 113.27 148.51 
NERC 1987 AH2 3 1 1.43 1.403 138.03 176.32 
NERC 1987 AH2 3 2 1.56 1.325 132.12 178.16 
NERC 1987 AH2 3 3 1.52 1.343 126.97 168.64 
NERC 1987 AH2 3 4 1.44 1.398 127.57 162.66 
NERC 1987 AH2 3 5 1.52 1.395 134.21 171.68 
NERC 1987 AH2 3 6 1.38 1.338 114.85 154.42 
NERC 1987 AH4 0 1 1.43 1.280 89.68 122.97 
NERC 1987 AH4 0 2 1.56 1.203 93.95 139.02 
NERC 1987 AH4 0 3 1.51 1.203 85.59 127.10 
NERC 1987 AH4 0 4 1.50 1.210 88.65 130.92 
NERC 1987 AH4 0 5 1.58 1.240 89.96 129.54 
NERC 1987 AH4 0 6 1.39 1.305 96.74 133.59 
NERC 1987 AH4 1 1 1.44 1.283 94.85 131.99 
NERC 1987 AH4 1 2 1.49 1.358 112.22 147.53 
NERC 1987 AH4 1 3 1.46 1.288 97.79 135.39 
NERC 1987 AH4 1 4 1.51 1.243 96.91 139.20 
NERC 1987 AH4 1 5 1.56 1.255 93.52 132.92 
NERC 1987 AH4 1 6 1.43 1.280 110.28 152.29 
NERC 1987 AH4 2 I 1.34 1.328 103.94 140.74 
NERC 1987 AH4 2 2 1.52 1.355 120.43 159.19 
NERC 1987 AH4 2 3 1.43 1.303 115.90 159.23 
NERC 1987 AH4 2 4 1.51 1.320 105.44 146.59 
NERC 1987 AH4 2 5 1.62 1.324 117.50 158.81 
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Table 28. Com stand, grain 
treatment. N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1987 AH4 2 6 1.44 1.365 127.45 165.23 
NERC 1987 AH4 3 1 1.39 1.378 112.32 145.32 
NERC 1987 AH4 3 2 1.49 1.383 126.37 162.99 
NERC 1987 AH4 3 3 1.52 1.320 115.35 156.11 
NERC 1987 AH4 3 4 1.49 1.375 117.58 152.75 
NERC 1987 AH4 3 5 1.51 1.380 121.55 157.57 
NERC 1987 AH4 3 6 1.49 1.305 126.76 172.96 
NERC 1987 AOO 0 1 1.43 1.245 84.36 120.48 
NERC 1987 AOO 0 2 1.47 1.225 90.53 131.85 
NERC 1987 AOO 0 3 1.37 1.255 85.74 121.87 
NERC 1987 AOO 0 4 1.46 1.230 86.24 124.27 
NERC 1987 AOO 0 5 1.54 1.235 91.25 132.08 
NERC 1987 AOO 0 6 1.36 1.190 76.05 112.33 
NERC 1987 AOO 1 1 1.35 1.158 78.37 120.76 
NERC 1987 AOO 1 2 1.46 1.308 99.23 136.30 
NERC 1987 AOO 1 3 1.40 1.313 92.47 124.73 
NERC 1987 AOO 1 4 1.26 1.258 85.06 121.02 
NERC 1987 AOO 1 5 1.44 1.278 98.96 137.86 
NERC 1987 AOO 1 6 1.39 1.310 88.24 121.24 
NERC 1987 AOO 2 1 1.34 1.323 92.91 126.18 
NERC 1987 AOO 2 2 1.54 1.345 121.53 160.62 
NERC 1987 AOO 2 3 1.35 1.388 99.66 128.33 
NERC 1987 AOO 2 4 1.32 1.328 107.24 144.30 
NERC 1987 AOO 2 5 1.53 1.325 109.70 147.00 
NERC 1987 AOO 2 6 1.38 1.418 110.01 137.92 
NERC 1987 AOO 3 1 1.50 1.443 117.78 145.99 
NERC 1987 AOO 3 2 1.51 1.408 128.54 163.70 
NERC 1987 AOO 3 3 1.34 1.368 115.89 151.72 
NERC 1987 AOO 3 4 1.41 1.365 115.40 151.20 
NERC 1987 AOO 3 5 1.48 1.315 115.42 156.58 
NERC 1987 AOO 3 6 1.49 1.375 118.19 152.49 
NERC 1987 COO 0 1 1.35 1.190 73.32 107.09 
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Table 28. Com stand, grain 
treatment, N. fertilizer level, 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1987 COO 0 2 1.49 1.185 75.67 113.40 
NERC 1987 COO 0 3 1.27 1.270 76.34 107.28 
NERC 1987 COO 0 4 1.33 1.185 72.26 108.69 
NERC 1987 coo 0 5 1.53 1.198 73.99 110.36 
NERC 1987 coo 0 6 1.41 1.188 82.54 122.23 
NERC 1987 coo 1 1 1.34 1.280 88.46 122.99 
NERC 1987 coo 1 2 1.46 1.268 90.21 126.60 
NERC 1987 coo 1 3 1.34 1.240 84.59 121.04 
NERC 1987 coo 1 4 1.44 1.263 81.77 115.23 
NERC 1987 coo 1 5 1.52 1.280 93.26 129.22 
NERC 1987 coo 1 6 1.25 1.243 84.93 120.22 
NERC 1987 coo 2 1 1.29 1.333 99.95 133.29 
NERC 1987 coo 2 2 1.48 1.335 114.87 153.79 
NERC 1987 coo 2 3 1.29 1.348 93.13 123.42 
NERC 1987 coo 2 4 1.37 1.375 106.97 138.83 
NERC 1987 coo 2 5 1.47 1.293 106.43 146.80 
NERC 1987 coo 2 6 1.44 1.313 110.94 151.51 
NERC 1987 coo 3 1 1.38 1.360 113.89 149.22 
NERC 1987 coo 3 2 1.41 1.398 124.07 158.57 
NERC 1987 coo 3 3 1.29 1.318 92.51 124.79 
NERC 1987 coo 3 4 1.43 1.375 114.76 148.93 
NERC 1987 coo 3 5 1.48 1.303 111.19 152.17 
NERC 1987 coo 3 6 1.39 1.358 116.80 152.13 
NERC 1987 SB 0 1 1.41 1.268 98.39 137.02 
NERC 1987 SB 0 2 1.53 1.193 78.71 117.18 
NERC 1987 SB 0 3 1.48 1.163 84.34 128.50 
NERC 1987 SB 0 4 1.48 1.163 74.55 113.99 
NERC 1987 SB 0 5 1.55 1.148 83.92 130.49 
NERC 1987 SB 0 6 1.36 1.288 93.59 129.47 
NERC 1987 SB 1 1 1.46 1.313 105.53 142.12 
NERC 1987 SB 1 2 1.62 1.268 94.02 132.36 
NERC 1987 SB 1 3 1.49 1.240 100.03 143.44 
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Table 28. Com stand, grain 
treatment, N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1987 SB I 4 1.48 1.310 92.33 126.19 
NERC 1987 SB 1 5 1.56 1.245 100.90 143.48 
NERC 1987 SB 1 6 1.42 1.303 99.22 135.66 
NERC 1987 SB 2 1 1.56 1.348 122.68 162.33 
NERC 1987 SB 2 2 1.59 1.328 113.72 153.81 
NERC 1987 SB 2 3 1.44 1.330 113.80 152.50 
NERC 1987 SB 2 4 1.55 1.343 114.53 152.85 
NERC 1987 SB 2 5 1.50 1.318 118.70 160.97 
NERC 1987 SB 2 6 1.46 1.280 109.16 151.73 
NERC 1987 SB 3 1 1.48 1.398 125.58 160.42 
NERC 1987 SB 3 2 1.48 1.375 116.35 150.98 
NERC 1987 SB 3 3 1.50 1.340 118.80 158.25 
NERC 1987 SB 3 4 1.49 1.325 115.09 155.17 
NERC 1987 SB 3 5 1.53 1.340 122.35 163.13 
NERC 1987 SB 3 6 1.39 1.358 118.13 154.30 
NERC 1988 AH2 0 I 1.24 1.555 72.75 83.89 
NERC 1988 AH2 0 2 1.33 1.635 56.62 62.07 
NERC 1988 AH2 0 3 1.35 1.620 56.59 62.61 
NERC 1988 AH2 0 4 1.43 1.585 66.97 74.61 
NERC 1988 AH2 0 5 1.31 1.668 66.40 71.61 
NERC 1988 AH2 0 6 1.29 1.550 71.88 82.68 
NERC 1988 AH2 1 1 1.26 1.647 70.18 76.17 
NERC 1988 AH2 1 2 1.18 1.787 51.99 52.48 
NERC 1988 AH2 1 3 1.15 1.850 46.64 45.05 
NERC 1988 AH2 1 4 1.42 1.817 58.14 57.25 
NERC 1988 AH2 1 5 1.38 1.780 57.84 58.79 
NERC 1988 AH2 1 6 1.24 1.783 57.10 58.13 
NERC 1988 AH2 2 1 1.23 1.680 72.79 78.29 
NERC 1988 AH2 2 2 1.33 1.815 54.55 54.21 
NERC 1988 AH2 2 3 1.26 1.773 51.87 58.45 
NERC 1988 AH2 2 4 1.30 1.768 68.38 70.09 
NERC 1988 AH2 2 5 1.36 1.603 79.59 88.91 
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Table 28. Com stand, grain 
treatment. N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1988 AH2 2 6 1.32 1.670 81.78 87.42 
NERC 1988 AH2 3 1 1.27 1.678 81.45 86.84 
NERC 1988 AH2 3 2 1.29 1.833 63.66 62.68 
NERC 1988 AH2 3 3 1.34 1.748 67.71 70.11 
NERC 1988 AH2 3 4 1.31 1.723 67.57 72.14 
NERC 1988 AH2 3 5 1.34 1.775 74.09 77.23 
NERC 1988 AH2 3 6 1.20 1.780 65.39 66.82 
NERC 1988 AH4 0 1 1.33 1.473 62.80 76.67 
NERC 1988 AH4 0 2 1.43 1.600 67.40 76.36 
NERC 1988 AH4 0 3 1.41 1.635 74.85 81.77 
NERC 1988 AH4 0 4 1.45 1.673 77.89 83.19 
NERC 1988 AH4 0 5 1.38 1.635 71.56 78.34 
NERC 1988 AH4 0 6 1.44 1.595 73.17 81.87 
NERC 1988 AH4 1 1 1.22 1.720 64.19 66.50 
NERC 1988 AH4 1 2 1.34 1.785 64.83 65.45 
NERC 1988 AH4 1 3 1.42 1.780 72.62 73.22 
NERC 1988 AH4 I 4 1.46 1.785 83.13 83.15 
NERC 1988 AH4 1 5 1.29 1.807 77.67 78.94 
NERC 1988 AH4 1 6 1.29 1.733 80.54 82.76 
NERC 1988 AH4 2 1 1.31 1.638 77.97 85.01 
NERC 1988 AH4 2 2 1.41 1.723 74.15 77.20 
NERC 1988 AH4 2 3 1.40 1.890 79.89 76.49 
NERC 1988 AH4 2 4 1.46 1.753 83.56 85.25 
NERC 1988 AH4 2 5 1.41 1.728 74.22 77.35 
NERC 1988 AH4 2 6 1.44 1.695 91.03 97.17 
NERC 1988 AH4 3 1 1.40 1.683 77.87 83.30 
NERC 1988 AH4 3 2 1.35 1.798 64.95 64.34 
NERC 1988 AH4 3 3 1.36 1.795 73.57 73.24 
NERC 1988 AH4 3 4 1.46 1.713 77.00 79.98 
NERC 1988 AH4 3 5 1.43 1.863 81.16 78.26 
NERC 1988 AH4 3 6 1.38 1.695 76.85 81.32 
NERC 1988 AGO 0 1 1.28 1.493 77.06 92.03 
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Table 28. Com stand, grain 
treatment. N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1988 AOO 0 2 1.25 1.563 78.43 90.02 
NERC 1988 AOO 0 3 1.28 1.580 72.74 82.86 
NERC 1988 AOO 0 4 1.35 1.453 78.09 96.77 
NERC 1988 AOO 0 5 1.37 1.530 77.68 91.69 
NERC 1988 AOO 0 6 1.38 1.455 75.97 94.23 
NERC 1988 AOO 1 1 1.33 1.663 68.56 73.47 
NERC 1988 AOO 1 2 1.31 1.760 71.48 75.07 
NERC 1988 AOO 1 3 1.28 1.693 67.37 71.76 
NERC 1988 AOO 1 4 1.35 1.660 74.96 81.48 
NERC 1988 AOO 1 5 1.33 1.645 72.02 78.02 
NERC 1988 AOO 1 6 1.31 1.675 70.29 75.87 
NERC 1988 AOO 2 1 1.39 1.600 81.74 91.35 
NERC 1988 AOO 2 2 1.24 1.600 70.42 79.11 
NERC 1988 AOO 2 3 1.33 1.730 75.32 78.69 
NERC 1988 AOO 2 4 1.36 1.683 79.21 84.64 
NERC 1988 AOO 2 5 1.38 1.760 85.51 87.64 
NERC 1988 AOO 2 6 1.25 1.713 70.78 74.65 
NERC 1988 AOO 3 1 1.25 1.613 73.59 80.90 
NERC 1988 AOO 3 2 1.38 1.725 82.60 85.56 
NERC 1988 AOO 3 3 1.34 1.658 82.89 89.11 
NERC 1988 AOO 3 4 1.30 1.650 86.34 93.74 
NERC 1988 AOO 3 5 1.34 1.705 89.27 93.60 
NERC 1988 AOO 3 6 1.23 1.693 68.88 72.69 
NERC 1988 COO 0 1 1.28 1.533 48.95 57.04 
NERC 1988 COO 0 2 1.30 . 1.593 56.08 62.78 
NERC 1988 COO 0 3 1.21 1.640 53.71 58.67 
NERC 1988 COO 0 4 1.24 1.573 55.11 63.12 
NERC 1988 COO 0 5 1.30 1.528 54.82 63.97 
NERC 1988 COO 0 6 1.27 1.560 60.74 68.94 
NERC 1988 COO 1 1 1.29 1.557 53.07 65.39 
NERC 1988 coo 1 2 1.18 1.743 59.29 60.82 
NERC 1988 coo 1 3 1.11 1.777 55.19 55.36 
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Table 28. Corn stand, grain 
treatment, N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1988 COO 1 4 1.14 1.635 54.02 59.32 
NERC 1988 COO I 5 1.26 1.708 59.55 62.46 
NERC 1988 COO 1 6 1.24 1.665 57.62 61.84 
NERC 1988 COO 2 1 1.20 1.630 63.71 70.26 
NERC 1988 COO 2 2 1.19 1.770 57.21 57.68 
NERC 1988 COO 2 3 1.21 1.720 58.18 60.63 
NERC 1988 coo 2 4 1.24 1.643 57.94 62.89 
NERC 1988 COO 2 5 1.14 1.758 59.83 60.89 
NERC 1988 coo 2 6 1.34 1.607 72.43 80.63 
NERC 1988 coo 3 1 1.21 1.585 58.53 66.41 
NERC 1988 coo 3 2 1.30 1.758 65.67 67.55 
NERC 1988 coo 3 3 1.21 1.843 66.91 65.17 
NERC 1988 coo 3 4 1.24 1.690 64.68 68.53 
NERC 1988 coo 3 5 1.31 1.725 65.59 67.60 
NERC 1988 coo 3 6 1.28 1.693 73.72 77.37 
NERC 1988 SB 0 1 1.30 1.438 69.12 87.16 
NERC 1988 SB 0 2 1.47 1.560 74.20 85.05 
NERC 1988 SB 0 3 1.46 1.597 70.78 80.57 
NERC 1988 SB 0 4 1.46 1.535 72.86 85.00 
NERC 1988 SB 0 5 1.43 1.543 70.88 82.35 
NERC 1988 SB 0 6 1.45 1.518 89.50 105.37 
NERC 1988 SB 1 1 1.22 1.585 80.76 91.86 
NERC 1988 SB 1 2 1.38 1.635 75.48 82.45 
NERC 1988 SB 1 3 1.46 1.378 64.42 84.34 
NERC 1988 SB 1 4 1.42 1.680 78.55 83.86 
NERC 1988 SB 1 5 1.42 1.628 75.94 84.07 
NERC 1988 SB 1 6 1.46 1.615 102.89 113.94 
NERC 1988 SB 2 1 1.28 1.610 84.77 ' 94.88 
NERC 1988 SB 2 2 1.40 1.658 85.42 93.08 
NERC 1988 SB 2 3 1.46 1.723 84.38 88.44 
NERC 1988 SB 2 4 1.44 1.698 82.77 87.27 
NERC 1988 SB 2 5 1.43 1.645 77.29 84.69 
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Table 28. Com stand, grain 
treatment. N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1988 SB 2 6 1.50 1.620 108.79 120.75 
NERC 1988 SB 3 1 1.29 1.700 94.07 98.51 
NERC 1988 SB 3 2 1.29 1.615 75.90 84.54 
NERC 1988 SB 3 3 1.48 1.670 85.24 92.11 
NERC 1988 SB 3 4 1.41 1.715 83.31 87.73 
NERC 1988 SB 3 5 1.43 1.753 88.47 82.86 
NERC 1988 SB 3 6 1.48 1.650 100.90 109.90 
NERC 1989 AH2 0 1 1.23 1.418 66.16 84.26 
NERC 1989 AH2 0 2 1.29 1.655 67.75 73.80 
NERC 1989 AH2 0 3 1.24 1.625 70.53 79.17 
NERC 1989 AH2 0 4 1.35 1.615 78.59 87.86 
NERC 1989 AH2 0 5 1.33 1.548 73.73 85.46 
NERC 1989 AH2 0 6 1.39 1.423 74.43 92.52 
NERC 1989 AH2 1 1 1.15 1.663 64.08 68.25 
NERC 1989 AH2 1 2 1.23 1.660 53.53 59.15 
NERC 1989 AH2 1 3 1.16 1.795 59.36 61.07 
NERC 1989 AH2 1 4 1.29 1.613 62.93 69.38 
NERC 1989 AH2 1 5 1.26 1.745 72.64 75.32 
NERC 1989 AH2 1 6 1.18 1.585 80.22 89.34 
NERC 1989 AH2 2 1 1.30 1.618 80.34 90.14 
NERC 1989 AH2 2 2 1.31 1.617 76.84 85.95 
NERC 1989 AH2 2 3 1.23 1.723 66.87 71.78 
NERC 1989 AH2 2 4 1.27 1.725 72.79 77.31 
NERC 1989 AH2 2 5 1.32 1.688 87.30 94.33 
NERC 1989 AH2 2 6 1.22 1.607 74.88 86.59 
NERC 1989 AH2 3 1 1.27 1.693 87.95 92.87 
NERC 1989 AH2 3 2 1.29 1.663 87.46 95.83 
NERC 1989 AH2 3 3 1.18 1.740 60.61 64.86 
NERC 1989 AH2 3 4 1.28 1.735 80.04 83.67 
NERC 1989 AH2 3 5 1.31 1.720 76.16 81.17 
NERC 1989 AH2 3 6 1.38 1.677 99.28 106.80 
NERC 1989 AH4 0 1 1.13 1.483 46.49 56.25 
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Table 28. Com stand, grain 
treatment. N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
Oju/acre) 
NERC 1989 AH4 0 2 1.38 1.525 68.38 81.44 
NERC 1989 AH4 0 3 1.39 1.643 71.59 78.23 
NERC 1989 AH4 0 4 1.26 1.550 73.22 81.53 
NERC 1989 AH4 0 5 1.38 1.690 75.52 80.11 
NERC 1989 AH4 0 6 1.39 1.390 75.52 97.35 
NERC 1989 AH4 1 1 1.20 1.555 61.26 70.54 
NERC 1989 AH4 1 2 1.18 1.700 62.34 65.93 
NERC 1989 AH4 1 3 1.28 1.778 65.70 66.85 
NERC 1989 AH4 1 4 1.24 1.740 67.69 70.45 
NERC 1989 AH4 1 5 1.41 1.673 66.02 72.04 
NERC 1989 AH4 1 6 1.32 1.503 67.25 86.68 
NERC 1989 AH4 2 1 1.10 1.590 57.08 65.72 
NERC 1989 AH4 2 2 1.14 1.768 59.73 60.89 
NERC 1989 AH4 2 3 1.16 1.805 56.72 57.11 
NERC 1989 AH4 2 4 1.24 1.820 70.01 70.61 
NERC 1989 AH4 2 5 1.31 1.735 70.32 74.10 
NERC 1989 AH4 2 6 1.39 1.560 93.70 108.36 
NERC 1989 AH4 3 1 1.16 1.690 54.00 57.51 
NERC 1989 AH4 3 2 1.26 1.828 64.86 64.25 
NERC 1989 AH4 3 3 1.21 1.665 51.61 56.52 
NERC 1989 AH4 3 4 1.20 1.838 64.24 64.54 
NERC 1989 AH4 3 5 1.39 1.740 76.57 79.12 
NERC 1989 AH4 3 6 1.28 1.620 94.05 104.06 
NERC 1989 AGO 0 1 1.10 1.270 39.01 54.85 
NERC 1989 AGO 0 2 1.22 1.250 45.54 65.97 
NERC 1989 AGO 0 3 1.29 1.260 42.28 60.49 
NERC 1989 AGO 0 4 1.24 1.260 40.37 57.59 
NERC 1989 AGO 0 5 1.24 1.253 38.08 55.26 
NERC 1989 AGO 0 6 1.28 1.220 33.99 50.40 
NERC 1989 AGO 1 1 1.15 1.500 57.43 70.83 
NERC 1989 AGO 1 2 1.20 1.510 76.10 90.91 
NERC 1989 AGO 1 3 1.32 1.393 56.30 73.90 
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Table 28. Com stand, grain 
treatment. N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1989 AGO I 4 1.29 1.433 58.94 76.36 
NERC 1989 AGO 1 5 1.35 1.378 58.91 78.12 
NERC 1989 AGO 1 6 1.16 1.333 45.93 62.69 
NERC 1989 AGO 2 2 1.17 1.477 53.08 65.69 
NERC 1989 AGO 2 3 1.30 1.345 53.25 69.11 
NERC 1989 AGO 2 4 1.29 1.483 55.69 68.12 
NERC 1989 AGO 2 5 1.19 1.503 58.16 71.41 
NERC 1989 AGO 2 6 1.16 1.400 50.24 64.61 
NERC 1989 AGO 3 1 1.21 1.677 66.51 73.05 
NERC 1989 AGO 3 2 1.26 1.490 81.02 98.08 
NERC 1989 AGO 3 3 1.29 1.540 76.00 88.84 
NERC 1989 AGO 3 4 1.16 1.515 67.48 82.42 
NERC 1989 AGO 3 5 1.32 1.480 78.56 97.22 
NERC 1989 AGO 3 6 1.14 1.537 58.96 71.77 
NERC 1989 CGO 0 1 1.25 1.400 40.39 51.52 
NERC 1989 COO 0 2 1.19 1.335 36.10 48.63 
NERC 1989 CGO 0 3 1.17 1.278 33.75 47.26 
NERC 1989 CGO 0 4 1.23 1.280 34.44 48.48 
NERC 1989 CGO 0 5 1.36 1.253 34.87 49.82 
NERC 1989 COO 0 6 1.18 1.307 44.89 61.62 
NERC 1989 COO 1 1 0.95 1.460 27.77 33.96 
NERC 1989 CGO 1 2 1.25 1.393 52.42 69.03 
NERC 1989 COO 1 3 1.33 1.370 56.70 74.57 
NERC 1989 CGO 1 4 1.35 1.405 59.32 75.94 
NERC 1989 COO 1 5 1.34 1.390 60.37 77.54 
NERC 1989 COO 1 6 1.35 1.257 51.18 74.21 
NERC 1989 COO 2 2 1.30 1.457 71.06 88.29 
NERC 1989 CGO 2 3 1.23 1.590 59.58 68.42 
NERC 1989 COO 2 4 1.33 1.475 61.38 75.54 
NERC 1989 COO 2 5 1.22 1.493 68.52 83.06 
NERC 1989 COO 2 6 1.28 1.447 62.16 81.27 
NERC 1989 COO 3 1 0.98 1.695 42.16 45.21 
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Table 28. Corn stand, grain 
treatment. N. fertilizer level 
nitrogen concentration, grain N yield, and grain yield by year, site, 
and row at LHF and NERC. 
Site Year Treatment N Level Row Stand 
(plants/ft) 
N Concentration 
(% by weight) 
N Yield 
(lb N/acre) 
Yield 
(bu/acre) 
NERC 1989 COO 3 2 1.28 1.660 66.62 73.66 
NERC 1989 COO 3 3 1.33 1.593 66.53 74.99 
NERC 1989 COO 3 4 1.26 1.600 59.71 68.89 
NERC 1989 COO 3 5 1.45 1.643 76.00 83.56 
NERC 1989 coo 3 6 1.20 1.493 71.94 86.54 
NERC 1989 SB 0 1 1.40 1.427 92.92 116.05 
NERC 1989 SB 0 2 1.35 1.400 73.76 94.05 
NERC 1989 SB 0 3 1.39 1.420 74.35 92.71 
NERC 1989 SB 0 4 1.43 1.375 72.94 94.21 
NERC 1989 SB 0 5 1.33 1.333 67.69 90.83 
NERC 1989 SB 0 6 1.33 1.348 68.72 91.20 
NERC 1989 SB 1 1 1.36 1.500 108.04 129.24 
NERC 1989 SB 1 2 1.28 1.523 76.88 90.05 
NERC 1989 SB 1 3 1.27 1.475 81.30 97.33 
NERC 1989 SB I 4 1.26 1.490 78.02 94.88 
NERC 1989 SB I 5 1.35 1.457 76.74 94.36 
NERC 1989 SB 1 6 1.29 1.470 83.05 107.90 
NERC 1989 SB 2 1 1.28 1.613 97.77 111.98 
NERC 1989 SB 2 2 1.41 1.595 97.01 108.42 
NERC 1989 SB 2 3 1.39 1.593 77.14 87.39 
NERC 1989 SB 2 4 1.38 1.573 90.42 103.36 
NERC 1989 SB 2 5 1.34 1.565 84.77 97.11 
NERC 1989 SB 2 6 1.31 1.558 85.45 97.77 
NERC 1989 SB 3 1 1.33 1.660 109.19 119.13 
NERC 1989 SB 3 2 1.42 1.615 79.50 88.92 
NERC 1989 SB 3 3 1.29 1.558 80.30 92.12 
NERC 1989 SB 3 4 1.42 1.560 90.31 103.88 
NERC 1989 SB 3 5 1.26 1.553 94.41 108.85 
NERC 1989 SB 3 6 1.32 1.620 90.79 101.99 
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Table 29. Soy )ean yields by year, treatment, N fertilizer level, and row at LHF and NERC. 
Site Year Treatment N level Row Yield 
fbu/acre) 
LHF 1988 AH4 0 1 11.99 
LHF 1988 AH4 0 2 12.75 
LHF 1988 AH4 0 3 12.17 
LHF 1988 AH4 0 4 10.25 
LHF 1988 AH4 0 5 11.67 
LHF 1988 AH4 0 6 11.72 
LHF 1988 AH4 1 1 10.26 
LHF 1988 AH4 I 2 10.79 
LHF 1988 AH4 1 3 12.85 
LHF 1988 AH4 I 4 8.19 
LHF 1988 AH4 I 5 8.86 
LHF 1988 AH4 I 6 8.33 
LHF 1988 AH4 2 1 6.68 
LHF 1988 AH4 2 2 13.21 
LHF 1988 AH4 2 3 9.88 
LHF 1988 AH4 2 4 10.79 
LHF 1988 AH4 2 5 11.00 
LHF 1988 AH4 2 6 12.32 
LHF 1988 AH4 3 1 10.16 
LHF 1988 AH4 3 2 11.59 
LHF 1988 AH4 3 3 11.69 
LHF 1988 AH4 3 4 11.45 
LHF 1988 AH4 3 5 9.76 
LHF 1988 AH4 3 6 8.64 
LHF 1988 COO 0 1 6.67 
LHF 1988 COO 0 2 11.71 
LHF 1988 COO 0 3 10.52 
LHF 1988 COO 0 4 10.17 
LHF 1988 COO 0 5 11.09 
LHF 1988 COO 0 6 7.18 
LHF 1988 COO 1 1 7.39 
LHF 1988 COO 1 2 10.05 
LHF 1988 COO 1 3 9.71 
LHf  . . .  .  
00 oc 
™ 1 4  8.62 
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Table 29. Soy bean yields by year, treatment, N fertilizer level, and row at LHF and NERC. 
Site Year Treatment N level Row Yield 
fbu/acre) 
LHF 1988 COO 1 5 10.50 
LHF 1988 COO 1 6 6.21 
LHF 1988 coo 2 1 7.45 
LHF 1988 coo 2 2 11.31 
LHF 1988 coo 2 3 10.26 
LHF 1988 coo 2 4 9.35 
LHF 1988 coo 2 5 10.19 
LHF 1988 coo 2 6 8.15 
LHF 1988 coo 3 1 9.05 
LHF 1988 coo 3 2 13.86 
LHF 1988 coo 3 3 12.31 
LHF 1988 coo 3 4 11.51 
LHF 1988 coo 3 5 13.15 
LHF 1988 coo 3 6 8.51 
LHF 1988 SB 0 1 11.44 
LHF 1988 SB 0 2 10.30 
LHF 1988 SB 0 3 10.38 
LHF 1988 SB 0 4 14.82 
LHF 1988 SB 0 5 10.40 
LHF 1988 SB 0 6 8.95 
LHF 1988 SB 1 1 10.38 
LHF 1988 SB 1 2 9.32 
LHF 1988 SB 1 3 9.03 
LHF 1988 SB 1 4 7.92 
LHF 1988 SB 1 5 9.22 
LHF 1988 SB 1 6 8.79 
LHF 1988 SB 2 1 10.36 
LHF 1988 SB 2 2 10.74 
LHF 1988 SB 2 3 11.44 
LHF 1988 SB 2 4 13.39 
LHF 1988 SB 2 5 11.60 
LHF 1988 SB 2 6 9.85 
LHF 1988 SB 3 I 11.50 
LHF 1988 SB 3 2 10.29 
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Table 29. Soy bean yields by year, treatment, N fertilizer level, and row at LHF and NERC. 
Site Year Treatment N level Row Yield 
(bu/acre) 
LHF 1988 SB 3 3 10.87 
LHF 1988 SB 3 4 9.77 
LHF 1988 SB 3 5 10.18 
LHF 1988 SB 3 6 8.63 
LHF 1988 WCO 0 1 1.72 
LHF 1988 WCO 0 2 10.26 
LHF 1988 WCO 0 3 11.70 
LHF 1988 WCO 0 4 10.33 
LHF 1988 WCO 0 5 10.47 
LHF 1988 WCO 0 6 10.56 
LHF 1988 WCO 1 1 8.13 
LHF 1988 WCO 1 2 12.47 
LHF 1988 WCO 1 3 8.61 
LHF 1988 WCO 1 4 9.39 
LHF 1988 WCO 1 5 9.67 
LHF 1988 WCO 1 6 9.07 
LHF 1988 WCO 2 1 7.90 
LHF 1988 WCO 2 2 12.30 
LHF 1988 WCO 2 3 11.08 
LHF 1988 WCO 2 4 10.50 
LHF 1988 WCO 2 5 11.24 
LHF 1988 WCO 2 6 9.76 
LHF 1988 WCO 3 1 6.18 
LHF 1988 WCO 3 2 11.42 
LHF 1988 WCO 3 3 11.11 
LHF 1988 WCO 3 4 11.56 
LHF 1988 WCO 3 5 9.67 
LHF 1988 WCO 3 6 9.80 
LHF 1989 AH4 0 1 33.81 
LHF 1989 AH4 0 2 32.07 
LHF 1989 AH4 0 3 37.82 
LHF 1989 AH4 0 4 28.79 
LHF 1989 AH4 0 5 23.36 
LHF 1989 AH4 0 6 18.57 
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Table 29. Soy )ean yields by year, treatment, N fertilizer level, and row at LHF and NERC. 
Site Year Treatment N level Row Yield 
fbu/acre) 
LHF 1989 AH4 I 1 22.27 
LHF 1989 AH4 1 2 26.21 
LHF 1989 AH4 1 3 34.12 
LHF 1989 AH4 1 4 29.73 
LHF 1989 AH4 1 5 19.93 
LHF 1989 AH4 1 6 28.44 
LHF 1989 AH4 2 1 20.70 
LHF 1989 AH4 2 2 28.12 
LHF 1989 AH4 2 3 26.09 
LHF 1989 AH4 2 4 32.02 
LHF 1989 AH4 2 5 23.47 
LHF 1989 AH4 2 6 14.48 
LHF 1989 AH4 3 1 23.36 
LHF 1989 AH4 3 2 35.74 
LHF 1989 AH4 3 3 37.28 
LHF 1989 AH4 3 4 38.84 
LHF 1989 AH4 3 5 34.56 
LHF 1989 AH4 3 6 22.02 
LHF 1989 COO 0 1 20.12 
LHF 1989 COO 0 2 34.23 
LHF 1989 COO 0 3 34.39 
LHF 1989 COO 0 4 35.12 
LHF 1989 COO 0 5 31.56 
LHF 1989 COO 0 6 26.47 
LHF 1989 COO 1 1 14.88 
LHF 1989 COO 1 2 18.83 
LHF 1989 COO 1 3 42.22 
LHF 1989 COO 1 4 39.86 
LHF 1989 COO 1 5 28.93 
LHF 1989 coo 1 6 18.83 
LHF 1989 coo 2 1 13.73 
LHF 1989 coo 2 2 25.85 
LHF 1989 coo 2 3 29.66 
LHF 1989 coo 2 4 30.67 
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Table 29. Soy )ean yields by year, treatment, N fertilizer level, and row at LHF and NERC. 
Site Year Treatment N level Row Yield 
fbu/acre) 
LHF 1989 COO 2 5 27.52 
LHF 1989 coo 2 6 20.30 
LHF 1989 coo 3 1 21.14 
LHF 1989 coo 3 2 25.72 
LHF 1989 coo 3 3 34.98 
LHF 1989 coo 3 4 37.93 
LHF 1989 coo 3 5 30.20 
LHF 1989 coo 3 6 24.96 
LHF 1989 SB 0 1 29.62 
LHF 1989 SB 0 2 35.26 
LHF 1989 SB 0 3 36.85 
LHF 1989 SB 0 4 30.49 
LHF 1989 SB 0 5 28.61 
LHF 1989 SB 0 6 21.26 
LHF 1989 SB 1 1 22.25 
LHF 1989 SB 1 2 27.24 
LHF 1989 SB 1 3 34.74 
LHF 1989 SB 1 4 39.07 
LHF 1989 SB I 5 25.34 
LHF 1989 SB 1 6 20.36 
LHF 1989 SB 2 1 18.03 
LHF 1989 SB 2 2 26.33 
LHF 1989 SB 2 3 33.88 
LHF 1989 SB 2 4 28.54 
LHF 1989 SB 2 5 23.52 
LHF 1989 SB 2 6 29.55 
LHF 1989 SB 3 1 25.85 
LHF 1989 SB 3 2 33.68 
LHF 1989 SB 3 3 35.77 
LHF 1989 SB 3 4 35.54 
LHF 1989 SB 3 5 28.63 
LHF 1989 SB 3 6 25.57 
LHF 1989 wco 0 1 15.35 
LHF 1989 wco 0 2 30.57 
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Table 29. Soy )ean yields by year, treatment, N fertilizer level, and row at LHF and NERC. 
Site Year Treatment N level Row Yield 
fbu/acre) 
LHF 1989 WCO 0 3 35.05 
LHF 1989 WCO 0 4 29.55 
LHF 1989 WCO 0 5 22.69 
LHF 1989 WCO 0 6 12.12 
LHF 1989 WCO 1 1 13.98 
LHF 1989 WCO 1 2 25.21 
LHF 1989 WCO 1 3 30.28 
LHF 1989 WCO 1 4 30.04 
LHF 1989 WCO I 5 22.64 
LHF 1989 WCO 1 6 10.10 
LHF 1989 WCO 2 1 16.35 
LHF 1989 WCO 2 2 23.46 
LHF 1989 WCO 2 3 37.34 
LHF 1989 WCO 2 4 33.48 
LHF 1989 WCO 2 5 27.18 
LHF 1989 WCO 2 6 13.88 
LHF 1989 WCO 3 I 15.80 
LHF 1989 WCO 3 2 24.03 
LHF 1989 WCO 3 3 27.61 
LHF 1989 WCO 3 4 36.05 
LHF 1989 WCO 3 5 24.47 
LHF 1989 WCO 3 6 9.34 
NERC 1986 SB 0 1 57.16 
NERC 1986 SB 0 2 58.66 
NERC 1986 SB 0 3 57.83 
NERC 1986 SB 0 4 53.45 
NERC 1986 SB 0 5 56.72 
NERC 1986 SB 0 6 49.24 
NERC 1986 SB 1 1 49.08 
NERC 1986 SB 1 2 52.87 
NERC 1986 SB 1 3 52.69 
NERC 1986 SB 1 4 52.60 
NERC 1986 SB 1 5 50.65 
NERC 1986 SB 1 6 42.32 
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Table 29. Soy bean yields by year, treatment, N fertilizer level, and row at LHF and NERC. 
Site Year Treatment N level Row Yield 
fbu/acre) 
NERC 1986 SB 2 1 49.21 
NERC 1986 SB 2 2 51.79 
NERC 1986 SB 2 3 53.19 
NERC 1986 SB 2 4 50.18 
NERC 1986 SB 2 5 50.78 
NERC 1986 SB 2 6 47.77 
NERC 1986 SB 3 1 48.74 
NERC 1986 SB 3 2 51.38 
NERC 1986 SB 3 3 51.97 
NERC 1986 SB 3 4 52.98 
NERC 1986 SB 3 5 49.64 
NERC 1986 SB 3 6 40.55 
NERC 1987 SB 0 1 24.22 
NERC 1987 SB 0 2 43.51 
NERC 1987 SB 0 3 46.37 
NERC 1987 SB 0 4 47.32 
NERC 1987 SB 0 5 45.73 
NERC 1987 SB 0 6 25.19 
NERC 1987 SB 1 1 24.80 
NERC 1987 SB 1 2 41.52 
NERC 1987 SB 1 3 46.41 
NERC 1987 SB I 4 45.41 
NERC 1987 SB 1 5 43.01 
NERC 1987 SB 1 6 26.24 
NERC 1987 SB 2 1 26.03 
NERC 1987 SB 2 2 41.26 
NERC 1987 SB 2 3 47.73 
NERC 1987 SB 2 4 46.63 
NERC 1987 SB 2 5 43.48 
NERC 1987 SB 2 6 23.23 
NERC 1987 SB 3 I 25.29 
NERC 1987 SB 3 2 43.09 
NERC 1987 SB 3 3 45.61 
NERC 1987 SB 3 4 46.73 
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Table 29. Soy bean yields by year, treatment, N fertilizer level, and row at LHF and NERC. 
Site Year Treatment N level Row Yield 
fbu/acre) 
NERC 1987 SB 3 5 44.86 
NERC 1987 SB 3 6 26.29 
NERC 1988 SB 0 1 19.24 
NERC 1988 SB 0 2 27.68 
NERC 1988 SB 0 3 26.16 
NERC 1988 SB 0 4 29.11 
NERC 1988 SB 0 5 26.55 
NERC 1988 SB 0 6 18.31 
NERC 1988 SB 1 1 17.04 
NERC 1988 SB 1 2 28.22 
NERC 1988 SB 1 3 29.75 
NERC 1988 SB 1 4 31.45 
NERC 1988 SB 1 5 29.99 
NERC 1988 SB 1 6 17.52 
NERC 1988 SB 2 1 18.46 
NERC 1988 SB 2 2 27.32 
NERC 1988 SB 2 3 24.44 
NERC 1988 SB 2 4 27.84 
NERC 1988 SB 2 5 25.45 
NERC 1988 SB 2 6 16.76 
NERC 1988 SB 3 1 19.43 
NERC 1988 SB 3 2 25.67 
NERC 1988 SB 3 3 25.21 
NERC 1988 SB 3 4 29.78 
NERC 1988 SB 3 5 25.76 
NERC 1988 SB 3 6 14.65 
NERC 1989 SB 0 1 27.12 
NERC 1989 SB 0 2 32.01 
NERC 1989 SB 0 3 34.91 
NERC 1989 SB 0 4 33.51 
NERC 1989 SB 0 5 34.50 
NERC 1989 SB 0 6 21.72 
NERC 1989 SB 1 1 25.64 
NERC 1989 SB 1 2 29.66 
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Table 29. Soy bean yields by year, treatment, N fertilizer level, and row at LHF and NERC. 
Site Year Treatment N level Row Yield 
rbu/acre) 
NERC 1989 SB 1 3 31.90 
NERC 1989 SB 1 4 31.18 
NERC 1989 SB 1 5 29.14 
NERC 1989 SB 1 6 16.29 
NERC 1989 SB 2 1 23.67 
NERC 1989 SB 2 2 28.50 
NERC 1989 SB 2 3 32.86 
NERC 1989 SB 2 4 31.14 
NERC 1989 SB 2 5 32.55 
NERC 1989 SB 2 6 19.41 
NERC 1989 SB 3 1 23.94 
NERC 1989 SB 3 2 31.45 
NERC 1989 SB 3 3 33.80 
NERC 1989 SB 3 4 31.30 
NERC 1989 SB 3 5 31.93 
NERC 1989 SB 3 6 22.74 
Table 30. Small grains yields by year, treatment, N fertilizer level, and location within strip at 
LHF and NERC. 
Site Year Treatment N level Location Yield Straw 
fEast. Middle, West) (bu/acre) Cton/acre) 
LHF 1988 COO 0 M 40.52 0.62 
LHF 1988 COO 1 M 53.93 0.84 
LHF 1988 COO 2 M 51.55 0.85 
LHF 1988 COO 3 M 48.58 0.78 
LHF 1988 WCO 0 M 48.36 0.80 
LHF 1988 WCO 1 M 57.71 0.96 
LHF 1988 WCO 2 M 61.16 1.00 
LHF 1988 WCO 3 M 48.39 0.81 
LHF 1989 coo 0 E 97.58 1.59 
T.HF m coo. Q M 32.^ 1 72 
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Table 30. Small grains yields by year, treatment, N fertilizer level, and location within strip at 
LHF and NERC. 
Site Year Treatment N level Location 
fEast. Middle. West) 
Yield 
fbu/acre) 
Straw 
fton/acre) 
LHF 1989 COO 0 W 96.08 1.61 
LHF 1989 coo 1 E 110.62 1.89 
LHF 1989 COO 1 M 101.60 2.08 
LHF 1989 coo 1 W 98.44 1.73 
LHF 1989 coo 2 E 113.06 2.09 
LHF 1989 coo 2 M 84.59 1.92 
LHF 1989 coo 2 W 102.75 1.76 
LHF 1989 coo 3 E 105.48 1.77 
LHF 1989 coo 3 M 107.81 1.83 
LHF 1989 coo 3 W 106.61 1.70 
LHF 1989 wco 0 E 71.34 1.62 
LHF 1989 wco 0 M 66.49 1.73 
LHF 1989 wco 0 W 70.29 1.76 
LHF 1989 wco 1 E 67.96 1.75 
LHF 1989 wco 1 M 81.97 1.88 
LHF 1989 wco 1 W 76.53 1.64 
LHF 1989 wco 2 E 68.93 1.76 
LHF 1989 wco 2 M 66.97 1.76 
LHF 1989 wco 2 W 76.77 1.82 
LHF 1989 wco 3 E 71.77 1.69 
LHF 1989 wco 3 M 69.87 1.72 
LHF 1989 wco 3 W 69.95 1.63 
NERC 1986 AOO 0 E 74.18 1.46 
NERC 1986 AOO 0 M 74.18 1.43 
NERC 1986 AOO 0 W 81.01 1.50 
NERC 1986 AOO 1 E 66.01 1.23 
NERC 1986 AOO I M 65.34 1.33 
NERC 1986 AOO 1 W 78.60 1.39 
NERC 1986 AOO 2 E 79.27 1.59 
NERC 1986 AOO 2 M 80.60 1.53 
NERC 1986 AOO 2 W 88.64 1.78 
NERC 1986 AOO 3 E 79.80 1.68 
NERC 1986 AOO 3 M 80.34 1.59 
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Table 30. Small grains yields by year, treatment, N fertilizer level, and location witliin strip at 
LHF and NERC. 
Site Year Treatment N level Location 
(East. Middle. West) 
Yield 
fbu/acre) 
Straw 
fton/acre) 
NERC 1986 AOO 3 W 87.83 1.69 
NERC 1986 COO 0 E 68.02 1.31 
NERC 1986 COO 0 M 66.68 1.28 
NERC 1986 COO 0 W 74.58 1.38 
NERC 1986 COO 1 E 70.43 1.30 
NERC 1986 COO 1 M 65.47 1.23 
NERC 1986 coo 1 W 71.77 1.38 
NERC 1986 coo 2 E 78.46 1.56 
NERC 1986 coo 2 M 73.51 1.39 
NERC 1986 coo 2 W 80.47 1.51 
NERC 1986 coo 3 E 58.56 1.25 
NERC 1986 coo 3 M 70.16 1.29 
NERC 1986 coo 3 W 69.76 1.24 
NERC 1987 AOO 0 E 77.52 1.28 
NERC 1987 AOO 0 M 79.93 1.14 
NERC 1987 AOO 0 W 88.50 1.30 
NERC 1987 AOO 1 E 85.42 1.29 
NERC 1987 AOO 1 M 78.86 1.07 
NERC 1987 AOO 1 W 92.52 1.27 
NERC 1987 AOO 2 E 82.08 1.40 
NERC 1987 AOO 2 M 81.81 1.18 
NERC 1987 AOO 2 W 86.09 1.23 
NERC 1987 AOO 3 E 87.57 1.43 
NERC 1987 AOO 3 M 85.83 1.28 
NERC 1987 AOO 3 W 83.42 1.26 
NERC 1987 COO 0 E 89.84 1.26 
NERC 1987 COO 0 M 81.14 1.00 
NERC 1987 COO 0 W 91.72 1.18 
NERC 1987 COO 1 E 91.32 1.28 
NERC 1987 COO 1 M 81.67 l.Ol 
NERC 1987 COO 1 W 89.04 1.13 
NERC 1987 coo 2 E 82.48 1.25 
NERC 1987 coo 2 M 81.01 1.03 
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Table 30. Small grains yields by year, treatment, N fertilizer level, and location within strip at 
LHF and NERC. 
Site Year Treatment N level Lx)cation 
(East. Middle. West) 
Yield 
fbu/acre) 
Straw 
fton/acre) 
NERC 1987 COO 2 W 86.90 1.02 
NERC 1987 COO 3 E 87.16 1.24 
NERC 1987 COO 3 M 91.18 1.13 
NERC 1987 COO 3 W 98.81 1.24 
NERC 1988 AOO 0 E 68.34 0.91 
NERC 1988 AOO 0 M 70.56 0.90 
NERC 1988 AOO 0 W 66.95 0.87 
NERC 1988 AOO 1 E 76.11 1.02 
NERC 1988 AOO 1 M 70.75 0.93 
NERC 1988 AOO 1 W 77.50 0.97 
NERC 1988 AOO 2 E 76.91 1.02 
NERC 1988 AOO 2 M 81.35 1.04 
NERC 1988 AOO 2 W 69.44 0.94 
NERC 1988 AOO 3 E 78.60 1.00 
NERC 1988 AOO 3 M 74.53 0.98 
NERC 1988 AOO 3 W 79.72 0.89 
NERC 1988 COO 0 E 77.50 0.96 
NERC 1988 COO 0 M 68.42 0.87 
NERC 1988 COO 0 W 72.65 0.86 
NERC 1988 COO 1 E 76.27 0.97 
NERC 1988 COO 1 M 74.28 0.90 
NERC 1988 COO 1 W 64.48 0.79 
NERC 1988 COO 2 E 75.11 0.96 
NERC 1988 coo 2 M 65.77 0.85 
NERC 1988 coo 2 W 53.96 0.73 
NERC 1988 coo 3 E 78.73 1.10 
NERC 1988 coo 3 M 75.27 0.96 
NERC 1988 coo 3 W 67.19 0.84 
NERC 1989 AOO 0 E 107.20 1.84 
NERC 1989 AOO 0 M 122.79 2.20 
NERC 1989 AOO 0 W 138.90 2.24 
NERC 1989 AOO 1 E 133.39 2.27 
NERC 1989 AOO I M 134.25 2.67 
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Table 30. Small grains yields by year, treamient, N fertilizer level, and location within strip at 
LHF and NERC. 
Site Year Treatment N level Location 
(East. Middle. West) 
Yield 
fbu/acre) 
Straw 
fton/acre) 
NERC 1989 AOO 1 W 134.70 2.35 
NERC 1989 AOO 2 E 130.97 2.41 
NERC 1989 AOO 2 M 130.55 2.55 
NERC 1989 AOO 2 W 134.00 2.46 
NERC 1989 AOO 3 E 131.57 2.71 
NERC 1989 AOO 3 M 116.14 2.53 
NERC 1989 AOO 3 W 127.54 2.49 
NERC 1989 COO 0 E 99.83 1.67 
NERC 1989 COO 0 M 110.01 1.77 
NERC 1989 COO 0 W 100.34 1.57 
NERC 1989 COO 1 E 97.23 1.70 
NERC 1989 COO 1 M 99.22 1.91 
NERC 1989 COO 1 W 103.40 1.78 
NERC 1989 COO 2 E 100.65 1.91 
NERC 1989 COO 2 M 111.24 2.19 
NERC 1989 COO 2 W 116.27 2.04 
NERC 1989 coo 3 E 110.14 2.11 
NERC 1989 COO 3 M 111.90 2.07 
NERC 1989 coo 3 W 108.72 1.92 
Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at LHF and NERC. 
Site Year Cutting Treatment N level Location 
rEast. Middle. West) 
Yield 
fton/acre) 
LHF 1988 1 AH4 0 E 0.69 
LHF 1988 1 AH4 0 M 0.65 
LHF 1988 1 AH4 0 W 0.43 
LHF 1988 1 AH4 1 E 0.60 
LHF 1988 1 AH4 I M 0.55 
LHF 1988 1 AH4 1 W 0.57 
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Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at LHF and NERC. 
Site Year Cutting Treatment N level Location 
fEast. Middle. West) 
Yield 
fton/acre) 
LHF 1988 1 AH4 2 E 0.62 
LHF 1988 1 AH4 2 M 0.51 
LHF 1988 1 AH4 2 W 0.50 
LHF 1988 1 AH4 3 E 0.61 
LHF 1988 1 AH4 3 M 0.58 
LHF 1988 1 AH4 3 W 0.43 
LHF 1988 2 AH4 0 E 0.76 
LHF 1988 2 AH4 0 M 0.70 
LHF 1988 2 AH4 0 W 0.80 
LHF 1988 2 AH4 1 E 0.72 
LHF 1988 2 AH4 1 M 0.67 
LHF 1988 2 AH4 1 W 0.71 
LHF 1988 2 AH4 2 E 0.71 
LHF 1988 2 AH4 2 M 0.67 
LHF 1988 2 AH4 2 W 0.74 
LHF 1988 2 AH4 3 E 0.78 
LHF 1988 2 AH4 3 M 0.66 
LHF 1988 2 AH4 3 W 0.79 
LHF 1988 Year Total AH4 0 E 1.44 
LHF 1988 Year Total AH4 0 M 1.36 
LHF 1988 Year Total AH4 0 W 1.24 
LHF 1988 Year Total AH4 1 E 1.32 
LHF 1988 Year Total AH4 1 M 1.22 
LHF 1988 Year Total AH4 1 W 1.28 
LHF 1988 Year Total AH4 2 E 1.33 
LHF 1988 Year Total AH4 2 M 1.18 
LHF 1988 Year Total AH4 2 W 1.24 
LHF 1988 Year Total AH4 3 E 1.39 
LHF 1988 Year Total AH4 3 M 1.24 
LHF 1988 Year Total AH4 3 W 1.22 
LHF 1989 1 AH4 0 E 0.60 
LHF 1989 1 AH4 0 M 0.78 
LHF 1989 1 AH4 0 W 0.59 
LHF 1989 1 AH4 I E 0.68 
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Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at LHF and NERC. 
Site Year Cutting Treatment N level Location 
(East. Middle. West) 
Yield 
fton/acre) 
LHF 1989 1 AH4 1 M 0.85 
LHF 1989 1 AH4 1 W 0.54 
LHF 1989 1 AH4 2 E 0.59 
LHF 1989 1 AH4 2 M 0.72 
LHF 1989 1 AH4 2 W 0.51 
LHF 1989 1 AH4 3 E 0.60 
LHF 1989 1 AH4 3 M 0.68 
LHF 1989 1 AH4 3 W 0.57 
LHF 1989 2 AH4 0 E 0.86 
LHF 1989 2 AH4 0 M 0.91 
LHF 1989 2 AH4 0 W 1.16 
LHF 1989 2 AH4 I E 0.94 
LHF 1989 2 AH4 1 M 0.88 
LHF 1989 2 AH4 1 W 1.31 
LHF 1989 2 AH4 2 E 1.09 
LHF 1989 2 AH4 2 M 0.98 
LHF 1989 2 AH4 2 W 1.24 
LHF 1989 2 AH4 3 E 1.00 
LHF 1989 2 AH4 3 M 0.91 
LHF 1989 2 AH4 3 W 1.12 
LHF 1989 3 AH4 0 E 0.95 
LHF 1989 3 AH4 0 M 1.00 
LHF 1989 3 AH4 0 W 0.93 
LHF 1989 3 AH4 I E 0.89 
LHF 1989 3 AH4 1 M 0.98 
LHF 1989 3 AH4 1 W 0.88 
LHF 1989 3 AH4 2 E 0.81 
LHF 1989 3 AH4 2 M 0.95 
LHF 1989 3 AH4 2 W 0.89 
LHF 1989 3 AH4 3 E 0.90 
LHF 1989 3 AH4 3 M 0.99 
LHF 1989 3 AH4 3 W 0.92 
LHF 1989 Year Total AH4 0 E 2.41 
LHF 1989 Year Total AH4 0 M 2.69 
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Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at LHP and NERC. 
Site Year Cutting Treatment N level Location 
(East. Middle. West) 
Yield 
fton/acre) 
LHP 1989 Year Total AH4 0 W 2.69 
LHP 1989 Year Total AH4 1 E 2.51 
LHP 1989 Year Total AH4 1 M 2.70 
LHP 1989 Year Total AH4 1 W 2.73 
LHP 1989 Year Total AH4 2 E 2.50 
LHP 1989 Year Total AH4 2 M 2.64 
LHP 1989 Year Total AH4 2 W 2.64 
LHP 1989 Year Total AH4 3 E 2.50 
LHP 1989 Year Total AH4 3 M 2.57 
LHP 1989 Year Total AH4 3 W 2.60 
NERC 1986 1 AH2 0 E 0.34 
NERC 1986 1 AH2 0 M 0.49 
NERC 1986 1 AH2 0 W 0.42 
NERC 1986 1 AH2 1 E 0.47 
NERC 1986 1 AH2 1 M 0.46 
NERC 1986 1 AH2 I W 0.48 
NERC 1986 1 AH2 2 E 0.41 
NERC 1986 1 AH2 2 M 0.53 
NERC 1986 1 AH2 2 W 0.45 
NERC 1986 1 AH2 3 E 0.61 
NERC 1986 1 AH2 3 M 0.65 
NERC 1986 1 AH2 3 W 0.49 
NERC 1986 1 AH4 0 E 0.59 
NERC 1986 1 AH4 0 M 0.52 
NERC 1986 1 AH4 0 W 0.36 
NERC 1986 1 AH4 1 E 0.48 
NERC 1986 1 AH4 1 M 0.43 
NERC 1986 I AH4 1 W 0.52 
NERC 1986 1 AH4 2 E 0.36 
NERC 1986 1 AH4 2 M 0.37 
NERC 1986 1 AH4 2 W 0.58 
NERC 1986 1 AH4 3 E 0.58 
NERC 1986 1 AH4 3 M 0.55 
NERC 1986 1 AH4 3 W 0.63 
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Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at LHP and NERC. 
Site Year Cutting Treatment N level Location 
(East. Middle. West) 
Yield 
fton/acre) 
NERC 1986 2 AH2 0 E 0.65 
NERC 1986 2 AH2 0 M 0.90 
NERC 1986 2 AH2 0 W 0.66 
NERC 1986 2 AH2 1 E 0.63 
NERC 1986 2 AH2 1 M 0.91 
NERC 1986 2 AH2 1 W 0.67 
NERC 1986 2 AH2 2 E 0.60 
NERC 1986 2 AH2 2 M 0.75 
NERC 1986 2 AH2 2 W 0.65 
NERC 1986 2 AH2 3 E 0.56 
NERC 1986 2 AH2 3 M 0.85 
NERC 1986 2 AH2 3 W 0.68 
NERC 1986 2 AH4 0 E 0.71 
NERC 1986 2 AH4 0 M 0.84 
NERC 1986 2 AH4 0 W 0.76 
NERC 1986 2 AH4 I E 0.62 
NERC 1986 2 AH4 I M 0.74 
NERC 1986 2 AH4 1 W 0.67 
NERC 1986 2 AH4 2 E 0.60 
NERC 1986 2 AH4 2 M 0.75 
NERC 1986 2 AH4 2 W 0.66 
NERC 1986 2 AH4 3 E 0.52 
NERC 1986 2 AH4 3 M 0.69 
NERC 1986 2 AH4 3 W 0.62 
NERC 1986 3 AH4 0 E 0.25 
NERC 1986 3 AH4 0 M 0.29 
NERC 1986 3 AH4 0 W 0.27 
NERC 1986 3 AH4 I E 0.27 
NERC 1986 3 AH4 I M 0.25 
NERC 1986 3 AH4 1 W 0.24 
NERC 1986 3 AH4 2 E 0.23 
NERC 1986 3 AH4 2 M 0.28 
NERC 1986 3 AH4 2 W 0.23 
NERC 1986 3 AH4 3 E 0.27 
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Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at LHP and NERC. 
Site Year Cutting Treatment N level Location 
(East. Middle, West) 
Yield 
fton/acre) 
NERC 1986 3 AH4 3 M 0.24 
NERC 1986 3 AH4 3 W 0.25 
NERC 1986 Year Total AH2 0 E 0.90 
NERC 1986 Year Total AH2 0 M 1.26 
NERC 1986 Year Total AH2 0 W 0.98 
NERC 1986 Year Total AH2 1 E 0.98 
NERC 1986 Year Total AH2 1 M 1.26 
NERC 1986 Year Total AH2 1 W 1.03 
NERC 1986 Year Total AH2 2 E 0.91 
NERC 1986 Year Total AH2 2 M 1.15 
NERC 1986 Year Total AH2 2 W 0.99 
NERC 1986 Year Total AH2 3 E l.Ol 
NERC 1986 Year Total AH2 3 M 1.34 
NERC 1986 Year Total AH2 3 W 1.05 
NERC 1986 Year Total AH4 0 E 1.40 
NERC 1986 Year Total AH4 0 M 1.52 
NERC 1986 Year Total AH4 0 W 1.30 
NERC 1986 Year Total AH4 I E 1.24 
NERC 1986 Year Total AH4 I M 1.31 
NERC 1986 Year Total AH4 1 W 1.29 
NERC 1986 Year Total AH4 2 E 1.09 
NERC 1986 Year Total AH4 2 M 1.31 
NERC 1986 Year Total AH4 2 W 1.32 
NERC 1986 Year Total AH4 3 E 1.22 
NERC 1986 Year Total AH4 3 M 1.34 
NERC 1986 Year Total AH4 3 W 1.34 
NERC 1987 1 AH2 0 E 0.60 
NERC 1987 1 AH2 0 M 0.62 
NERC 1987 1 AH2 0 W 0.65 
NERC 1987 1 AH2 1 E 0.60 
NERC 1987 1 AH2 1 M 0.52 
NERC 1987 1 AH2 1 W 0.58 
NERC 1987 1 AH2 2 E 0.61 
NERC 1987 1 AH2 2 M 0.65 
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Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at LHP and NERC. 
Site Year Cutting Treatment N level Location 
fEast. Middle. West) 
Yield 
rton/acre) 
NERC 1987 1 AH2 2 W 0.60 
NERC 1987 1 AH2 3 E 0.73 
NERC 1987 1 AH2 3 M 0.71 
NERC 1987 1 AH2 3 W 0.64 
NERC 1987 1 AH4 0 E 0.56 
NERC 1987 1 AH4 0 M 0.58 
NERC 1987 1 AH4 0 W 0.50 
NERC 1987 1 AH4 I E 0.51 
NERC 1987 1 AH4 1 M 0.44 
NERC 1987 1 AH4 1 W 0.42 
NERC 1987 I AH4 2 E 0.47 
NERC 1987 1 AH4 2 M 0.57 
NERC 1987 1 AH4 2 W 0.45 
NERC 1987 1 AH4 3 E 0.45 
NERC 1987 1 AH4 3 M 0.52 
NERC 1987 1 AH4 3 W 0.49 
NERC 1987 2 AH2 0 E 1.26 
NERC 1987 2 AH2 0 M 1.23 
NERC 1987 2 AH2 0 W 1.20 
NERC 1987 2 AH2 1 E 1.10 
NERC 1987 2 AH2 1 M 1.26 
NERC 1987 2 AH2 1 W 1.13 
NERC 1987 2 AH2 2 E 1.23 
NERC 1987 2 AH2 2 M 1.27 
NERC 1987 2 AH2 2 W 0.98 
NERC 1987 2 AH2 3 E 1.26 
NERC 1987 2 AH2 3 M 1.29 
NERC 1987 2 AH2 3 W 1.11 
NERC 1987 2 AH4 0 E 1.02 
NERC 1987 2 AH4 0 M 1.17 
NERC 1987 2 AH4 0 W 1.14 
NERC 1987 2 AH4 1 E 1.14 
NERC 1987 2 AH4 I M 1.27 
NERC 1987 2 AH4 I W 1.13 
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Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at l.HF and MFRT 
Site Year Cutting Treatment N level Location 
fEast. Middle. West) 
Yield 
fton/acre) 
NERC 1987 2 n AH4 2 E 0.95 
NERC 1987 2 J AH4 2 M 1.17 
NERC 1987 2 AH4 2 W 1.06 
NERC 1987 2 AH4 3 E 1.04 
NERC 1987 2 AH4 3 M 1.13 
NERC 1987 2 AH4 3 W 1.00 
NERC 1987 3 AH4 0 E 0.47 
NERC 1987 3 AH4 0 M 0.56 
NERC 1987 3 AH4 0 W 0.47 
NERC 1987 3 AH4 1 E 0.49 
NERC 1987 3 AH4 1 M 0.59 
NERC 1987 3 AH4 I W 0.51 
NERC 1987 3 AH4 2 E 0.48 
NERC 1987 3 AH4 2 M 0.55 
NERC 1987 3 AH4 2 W 0.45 
NERC 1987 3 AH4 3 E 0.52 
NERC 1987 3 AH4 3 M 0.53 
NERC 1987 3 AH4 3 W 0.48 
NERC 1987 Year Total AH2 0 E 1.86 
NERC 1987 Year Total AH2 0 M 1.86 
NERC 1987 Year Total AH2 0 W 1.85 
NERC 1987 Year Total AH2 1 E 1.70 
NERC 1987 Year Total AH2 1 M 1.78 
NERC 1987 Year Total AH2 1 W 1.72 
NERC 1987 Year Total AH2 2 E 1.84 
NERC 1987 Year Total AH2 2 M 1.91 
NERC 1987 Year Total AH2 2 W 1.58 
NERC 1987 Year Total AH2 3 E 1.99 
NERC 1987 Year Total AH2 3 M 2.00 
NERC 1987 Year Total AH2 3 W 1.75 
NERC 1987 Year Total AH4 0 E 1.65 
NERC 1987 Year Total AH4 0 M 1.86 
NERC 1987 Year Total AH4 0 W 1.69 
NERC 1987 Year Total _ AH4 1 E 1.72 
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Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at LHF and MERC. 
Site Year Cutting Treatment N level Location 
(East. Middle. West) 
Yield 
fton/acre) 
NERC 1987 Year Total AH4 1 M 1.87 
NERC 1987 Year Total AH4 1 W 1.68 
NERC 1987 Year Total AH4 2 E 1.55 
NERC 1987 Year Total AH4 2 M 1.86 
NERC 1987 Year Total AH4 2 W 1.59 
NERC 1987 Year Total AH4 3 E 1.63 
NERC 1987 Year Total AH4 3 M 1.77 
NERC 1987 Year Total AH4 3 W 1.60 
NERC 1988 2 AH2 0 E 0.51 
NERC 1988 2 AH2 0 M 0.56 
NERC 1988 2 AH2 0 W 0.39 
NERC 1988 2 AH2 1 E 0.50 
NERC 1988 2 AH2 1 M 0.55 
NERC 1988 2 AH2 1 W 0.33 
NERC 1988 2 AH2 2 E 0.43 
NERC 1988 2 AH2 2 M 0.53 
NERC 1988 2 AH2 2 W 0.39 
NERC 1988 2 AH2 3 E 0.52 
NERC 1988 2 AH2 3 M 0.61 
NERC 1988 2 AH2 3 W 0.38 
NERC 1988 2 AH4 0 E 0.46 
NERC 1988 2 AH4 0 M 0.58 
NERC 1988 2 AH4 0 W 0.37 
NERC 1988 2 AH4 1 E 0.47 
NERC 1988 2 AH4 I M 0.51 
NERC 1988 2 AH4 I W 0.35 
NERC 1988 2 AH4 2 E 0.48 
NERC 1988 2 AH4 2 M 0.55 
NERC 1988 2 AH4 2 W 0.41 
NERC 1988 2 AH4 3 E 0.44 
NERC 1988 2 AH4 3 M 0.55 
NERC 1988 2 AH4 3 W 0.32 
NERC 1988 3 AH4 0 E 0.31 
NERC 1988 3 AH4 0 M 0.38 
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Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at LHP and NERC. 
Site Year Cutting Treatment N level Location 
(East. Middle. West) 
Yield 
f ton/acre) 
NERC 1988 3 AH4 0 W 0.30 
NERC 1988 3 AH4 I E 0.27 
NERC 1988 3 AH4 I M 0.36 
NERC 1988 3 AH4 1 W 0.25 
NERC 1988 3 AH4 2 E 0.30 
NERC 1988 3 AH4 2 M 0.34 
NERC 1988 3 AH4 2 W 0.32 
NERC 1988 3 AH4 3 E 0.31 
NERC 1988 3 AH4 3 M 0.38 
NERC 1988 3 AH4 3 W 0.29 
NERC 1988 Year Total AH2 0 E 0.51 
NERC 1988 Year Total AH2 0 M 0.56 
NERC 1988 Year Total AH2 0 W 0.39 
NERC 1988 Year Total AH2 1 E 0.50 
NERC 1988 Year Total AH2 I M 0.55 
NERC 1988 Year Total AH2 I W 0.33 
NERC 1988 Year Total AH2 2 E 0.43 
NERC 1988 Year Total AH2 2 M 0.53 
NERC 1988 Year Total AH2 2 W 0.39 
NERC 1988 Year Total AH2 3 E 0.52 
NERC 1988 Year Total AH2 3 M 0.61 
NERC 1988 Year Total AH2 3 W 0.38 
NERC 1988 Year Total AH4 0 E 0.77 
NERC 1988 Year Total AH4 0 M 0.96 
NERC 1988 Year Total AH4 0 W 0.67 
NERC 1988 Year Total AH4 I E 0.74 
NERC 1988 Year Total AH4 1 M 0.87 
NERC 1988 Year Total AH4 1 W 0.60 
NERC 1988 Year Total AH4 2 E 0.78 
NERC 1988 Year Total AH4 2 M 0.89 
NERC 1988 Year Total AH4 2 W 0.73 
NERC 1988 Year Total AH4 3 E 0.75 
NERC 1988 Year Total AH4 3 M 0.93 
NERC 1988 Year Total AH4 3 W 0.61 
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Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at LHP and NERC. 
Site Year Cutting Treatment N level Location 
fEast. Middle. West) 
Yield 
fton/acre) 
NERC 1989 1 AH2 0 E 1.28 
NERC 1989 1 AH2 0 M 1.17 
NERC 1989 1 AH2 0 W 0.98 
NERC 1989 1 AH2 1 E 1.59 
NERC 1989 1 AH2 1 M 1.10 
NERC 1989 1 AH2 1 W 1.30 
NERC 1989 1 AH2 2 E 1.59 
NERC 1989 1 AH2 2 M 1.13 
NERC 1989 1 AH2 2 W 1.16 
NERC 1989 1 AH2 3 E 1.13 
NERC 1989 1 AH2 3 M 1.13 
NERC 1989 1 AH2 3 W 1.14 
NERC 1989 1 AH4 0 E 1.07 
NERC 1989 1 AH4 0 M 1.00 
NERC 1989 1 AH4 0 W 0.75 
NERC 1989 1 AH4 1 E 1.64 
NERC 1989 1 AH4 I M 1.19 
NERC 1989 1 AH4 1 W 1.12 
NERC 1989 1 AH4 2 E 1.35 
NERC 1989 1 AH4 2 M 1.20 
NERC 1989 1 AH4 2 W 1.32 
NERC 1989 1 AH4 3 E 1.53 
NERC 1989 1 AH4 3 M 1.26 
NERC 1989 1 AH4 3 W 1.38 
NERC 1989 2 AH2 0 E 0.89 
NERC 1989 2 AH2 0 M 0.76 
NERC 1989 2 AH2 0 W 0.90 
NERC 1989 2 AH2 1 E 0.89 
NERC 1989 2 AH2 1 M 0.77 
NERC 1989 2 AH2 I W 0.89 
NERC 1989 2 AH2 2 E 0.88 
NERC 1989 2 AH2 2 M 0.85 
NERC 1989 2 AH2 2 W 0.84 
NERC 1989 2 AH2 3 E 1.06 
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Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at LHF and NERC. 
Site Year Cutting Treatment N level Location 
(East. Middle. West) 
Yield 
fton/acre) 
NERC 1989 2 AH2 3 M 0.83 
NERC 1989 2 AH2 3 W 1.05 
NERC 1989 2 AH4 0 E 0.74 
NERC 1989 2 AH4 0 M 0.71 
NERC 1989 2 AH4 0 W 0.70 
NERC 1989 2 AH4 1 E 0.70 
NERC 1989 2 AH4 1 M 0.73 
NERC 1989 2 AH4 1 W 0.75 
NERC 1989 2 AH4 2 E 0.76 
NERC 1989 2 AH4 2 M 0.81 
NERC 1989 2 AH4 2 W 0.73 
NERC 1989 2 AH4 3 E 0.82 
NERC 1989 2 AH4 3 M 0.70 
NERC 1989 2 AH4 3 W 0.80 
NERC 1989 3 AH4 0 E 0.93 
NERC 1989 3 AH4 0 M 1.16 
NERC 1989 3 AH4 0 W 1.02 
NERC 1989 3 AH4 1 E 0.96 
NERC 1989 3 AH4 I M 1.02 
NERC 1989 3 AH4 1 W 1.01 
NERC 1989 3 AH4 2 E 0.94 
NERC 1989 3 AH4 2 M 1.08 
NERC 1989 3 AH4 2 W 1.02 
NERC 1989 3 AH4 3 E 1.01 
NERC 1989 3 AH4 3 M 0.94 
NERC 1989 3 AH4 3 W 1.02 
NERC 1989 Year Total AH2 0 E 1.84 
NERC 1989 Year Total AH2 0 M 1.92 
NERC 1989 Year Total AH2 0 W 1.88 
NERC 1989 Year Total AH2 I E 2.48 
NERC 1989 Year Total AH2 I M 1.86 
NERC 1989 Year Total AH2 I W 2.20 
NERC 1989 Year Total AH2 2 E 2.47 
NERC 1989 Year Total AH2 2 M 1.98 
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Table 31. Forage yields by year, cutting, treatment, N fertilizer level, and location within strip 
at LHP and NERC. 
Site Year Cutting Treatment N level Location 
(East. Middle. West) 
Yield 
fton/acre) 
NERC 1989 Year Total AH2 2 W 2.00 
NERC 1989 Year Total AH2 3 E 1.91 
NERC 1989 Year Total AH2 3 M 1.67 
NERC 1989 Year Total AH2 3 W 2.19 
NERC 1989 Year Total AH4 0 E 2.74 
NERC 1989 Year Total AH4 0 M 2.86 
NERC 1989 Year Total AH4 0 W 2.47 
NERC 1989 Year Total AH4 I E 3.29 
NERC 1989 Year Total AH4 1 M 2.94 
NERC 1989 Year Total AH4 1 W 2.89 
NERC 1989 Year Total AH4 2 E 2.85 
NERC 1989 Year Total AH4 2 M 3.09 
NERC 1989 Year Total AH4 2 W 3.07 
NERC 1989 Year Total AH4 3 E 3.40 
NERC 1989 Year Total AH4 3 M 2.95 
MFRr 
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